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bf students is tapped in school science ; school science ^ nurtures 
creativity; science teacher preparation nurtures effective science 
teaching; teacher's knowledge improves his/her instruct ibri ; schbbl 
science taps the key resource of the elementary principal; schbbl 
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influence political or policy decisibn-^makirig. The^firial part, 
addressing the need for a national identity for scierice education, 
discusses a national laboratory for scierice educatibri arid the 
contributions of such a labbratbry. (JN) 
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Dear Life and Compr ehcnsiv^e Members: 

Here is your cbrnplimeritary copy of the 1983 
NSTA yearbook, 5cj_ej]£j^_e^a£lu 

Speaks. This publication has been selected for you 
in fulfillment of one of your membership benefits 
because it is a timely reference. We believe that it 
will stand as an important dbcurrient brl the status of 
science edacation in our time. 

Although this edition will be the first of rnariy 
yearbooks to come, we cannot guarantee that they 
will be selected from among bur NSTA Special Pub- 
lications for free distribution to our Life and Com- 
prehensive mLernbers. 

Additional copies of this 1983 yearbook can be 
obtained by sending $6. 50: plus $2 for mailing, to 
NSTA Publication Sales. You might consider reserv- 
ing a copy of the 1984 edition now as well. We v/ill 
be happy to bill you next year; 




Bill G. Aldridg^e 
Ebcecutive Director 
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Foreivmd 

This is all c-xc iMMc; nine tor tlu- N'acituul SLic-iiCL' 'rLMLliLTs Assol Li- 
iiori t(i L-nih.ii'k oil \\ lil-vv [nihlishini:: vciitiirc- - .i ^c■^iL■^ oi N'S I A ytMr- 
Hiioks. TiiL- \S7'-1 \'c::r!-'f>i is c-iu isioiu-d as a ;c\ ic\v ot [|r- rssUL-.s 
iliat !ki\l- pi-L-(.l()miiKi:c;l in tlu- tiL-Ul of >ciL-iiLL- L-ducatioii dtirinn the 
prccc-chim \ L-ai. Hach iiistalliiK-iH iii ihc- series u id assess pri)hleins, 
relord im-i-eiit th:nkiii_q pei-tiiieiu to seietue educafioii, aiiJ oiirhhe 
eniiris by menibers the protessiuii who are workiii^^ to improve it. 

i\aLli \ ear, ilie SST. l Ycjyh'xd will he released to coitK ide with oiii' 
annual nieecnii:. at whiLli a s[x-eial )',jr/ynr,[ syinposiiitn \\ill involve 
ihe )\.{r''r,nrs L-d\uu-> (one a t^'i 1 iacc-U wiHi a uiiive!->iiy aiiM one a 
liassri)*>ni teachei- ai precoHe^ue le\el); the authors; anJ seleeted reaJ- 
c i-s \\ \U) \\ isli to rL-spi)!ul: Such a symposium \\ \\ \ jTroviJe an opportiin- 
it\ to learn about the Vc../Aoo/ and abiuii reasons inv the selection ot 
topiLs. The )'Ljr/yy>'rl and the symposium, then: will enable 
;\ssoc iat loM memluM-s to consider mu\ discuss tiie stat us ot their 
l^rotess i( ) n; ... 

As the tirst editioii in our series makes clear, 1^)82-1^)8^ has iiruh- 
liuhted tor A iner u ans — lead.ers in L;oVcrnmenr and industry, as well 
as [^ri\ate l i t :/ens --^r he troubling: condition o! seieilCe edticarion in 
otn- countrv. State L;ovc-rnors have estabhs^ed ei>nimissio >s and task 
torses to sttids tile crisis; state lawmakers arc workini;, throui^li their 
leuislatures, to resolve the pri biems; amon^ niiiu' initiatives ni the- 
f .S (a>ni;ress tor tiscal I'\S L \\.R. 1^10 inchided S million tor 
stience niathematics education. A total ot S 1 ^ inillion has been made 
a\ailahle at the National Science l-onndatioii i ?sSI- ). tor fiscal M^8\ tti 
beL;ili a national ettort to restore school science to the positioii it 
merits. 

The I'^S^ SS i'. i )'l jyhnoi begins u itli a characterization ot science 
rduLation practices based oh exteiisive iKitional studies, whicli were 
conducted durm- the past tive ^r ■rs i It has been estimated that 
million imostly \81- tunds| lias olc m sjieiit in assessing; precollenc 
science eduLatKUi durinq the period 10:"^-lWs.) It is probably correct 
to assert that thanks to this :icc[imulation of research, we now know 
more about current practices in science edtication than wcevcr have in 
tlie past Part I ol the ^'cjrnfyd summarizes rhese srticlics ancl pre- 
sents a brief exposition ot some current efforts which address the 
crisis. 

■ Part II comprises ess:[ys by NSTA members in which they otter 
their \ iews on where scieiUe edtic;ition today rAo//A/ jx'. These autiiors 
cake on practical considerations: the pr()biems inherent in the school 



THl- Vt jrJ'^fx'/^ L'luis w itli A dc'IincMtn)!) ot .i iiuL'dL-d national idLMulty 
lor scic'iKc cdiKatiiin. 

NS TA's otticc'i's oxpccr that sciciuL- eJiicatocs \\ ill cuiitimiL' to inakc- 
their vnii'L'S hcarJ aiul that a.s a iiL-\v v()himo is aciclcci each year; the 
series will e\()i\'e into a L()ntemporai'y j'^riiHIe oiii' discipline. 

r\-rhaps the most i in p( )rtan i 1 uiK'r ion ot any piihheat ion is i he 
stinuilation ir pro\iiies its reader>. The success of iiii> hrst ;\.S//i 
Vc:/r/.'oox be ineasurcel tlie dialo}:;ue tliat it occasion>; and. 

presLin1al')U\ >()nie isSUeS that it e\'okeS \\ill be. c » Misiciered in hitnre 
xearbooks of this >ei ies. 

1 uoulil like to coiVL:ratLilate the eelit()r> ot tliis Hrst \r)lLiine, I'aifh K. 
lUouii and na\id P. HLitt>. tor their accomplishment. ()| course, the 
"1' ear book Ad\ isory l^oa rd assumes! a huue task in establ is hii\L: tiie 
book's plan. arran^^ii\u tor airthors. and prepariii^i; the book lor publi-" 
cation, riu; first i> aluMvs the hiost ditticult — \vith n(j models to 
i'ollow. the task >eCLnani; tumis, jnd aeljustmeiUs ot all sorts in order 
to meet (.leadlines. 1 uoukl also like to acknow led_L;e the contributions 
ot Hill (>: Aldridne; ^.S'^A c\\ecuti\e director. I am sure the entire 
hiehibership a.s \v:.'ll aS the lai\L;cr suence eciucarion ctMiimuniry join 
me in saviivi;, to all who cohtribuie^.1, "Well donel" Preparation [or the 
second installment in the series is already binder way: the ycjyhfyoi 
s\'mposium uiM be an important teatin'e at NS'l'A's l^^S 1 National 
(a)rivcnri()n in Host()n: \\V.- can anticipate provoGitive new ideas anil 
issiit.-s. anil ^L;rist tor tuture ycai'b(>oks: 
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Prefure 

in i^AS^: schoniln^ is in rronbk'. In a rccc-nt sniLly of hiorc tliaii 1 .000 
i. Lissr()(Mlls. Cj()()dhKl Un\\\d tlicm c h.irj . *ci-i/L'd by one quality: monot- 
ony. The sources ot the nlonot()ny lie not In what schooiin^ A.n hui. in 
wliar it lIocs Yifit lia\'c. It lacks 

'.• 

9 ettort t() heip pupils acliic\'C' 

• tcacHcT iiitcrcst and C(K)peration 

• expectation tor \ irtualK- ain' co^niti\'e demand 

• pupils' active participation and lin'olvemeht in lllc learning pro 
cos ( that i>. they .sit. listen, and receive while the teacher talks) 

% exploraiion or interaction or the excitement ot dise()very 

I'he rule tor teachers seeilis tC) be: Know wliom you are to stu tt with 
tacts; >tuit ihem; and then see it they were stutted: Cloodhul concludeLl 
that schooling is essentially [xiCed accordih*; to the lowest C()iniiion 
denominators, w iih competency exit exams desi;L;ned io iv.easiiie oilly 
tllesC* l()\veS[ denominators. 

As retlecteLi iil scieiUe and mat lie ma tics opporiun it ies , in schools, 
his conclu.^ion.^ tind v, ide support. StudeiK pertorm:incc in science and 
inatliematics continues to slide downward, Qualitied teachers are 
disappearing rapidlw And For tiiose teachers who do work t() iri\-oh e 
stULletns in tiic )()y; excitement, and intellectual po^\ ot science and 
hiathematics.- the curricular liptions are caretully connolled l^iy a text- 
ho<.)k industry delivers only those products tiiat ^^uar.uuee a 

hiuh profit. AIthoui;h halt ot all the world's scientit'ic knowlcdi^e has 
been produced since 10(0, the textbooks that sell arc- those thai retleCl 
j-.re- P)oS scieni itic knowledge. 

Can oi- should we hsten fo our critics.^ As one criiic has facetiously 
nore-d: 

There- is sonlCtliiiiL: pnsiu^e to he ^uJined, In ac !- la led^^iiru . nie s rtt - 
k s i:ike alt CM)d\ c ream res. t rinVs h,t^e a j^nrposc in" rhis world. Tiicv 
iifter cDficisins ot one's ctniduct (albcir iii.si;ulits) that are not always 
proodcd hy triei^ds. 'I'hcy ^I'so eiiconrai^e sc'lt'esieein. Mctw would ^vc- 
I^iiiiu the magnitude o[ ou!' o\v worth \\ iriiour someone so uortlik-ss 
aitaekiuL: 11.^ 

V^'e can ii_:nore critics while continuing ro do what we ha^.e been 
doinu. (it has been said thai it the auihorhies in chari^e ot ccrram 
schools had been in chai\L;e ot'our space pro^l■am. today we would ha\ e 
the u-orld's iari^est .sliii^u .shot.) Or wc can act with dispatcli. 
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In aiiy [niiihluJ .sitiiatinil, two cjiiL'St Inns' iirc always licipini: What 
.irc [He* proHiuins? Wliai sliouKl bu Jtinc aboiii tllLMti;'' Slilocii sci CiiLC is 
in [ri)ublc. ScarLliinu For ihc pi'()Hlcni> bcliinJ lUis trouble aiul ih'c 
inos[ LlcsirabiL* sola [ions nnist but; In with prr)iL-ssional SLiunLC lxIulm- 
tiirs' aL[ivcl\- <:^o^"inin^ rlicsc pi-oblcnis. Hu' lsschlc oi any pioblL-ni's 
s<)lii[ioh rcsiUL'S iii ilu- very pn)LX\ss of Larcfully clf^fiiiint; [l^:i[ problcni. 

No[u our t'rcquciK use of [lie plural "problciH.;." As Ion); as [lie 
scicruitiL Lonimuni[y assunx^l tHa[ Lancer was a siiii;lc Jisuasc, re- 
searchers soui;li[ a sini^le cure. \Vi[h Fresh e\'iJence that lauc^ is a[ 
least 100 icIeinlFiable cliseascs, cures s[u*ciFic [o each disease are now 
beini; hiuiul. 

We science educators believL' that every child sli()uld have scieiice 
instruction e\erv day. To what extent is tliis true riow? NX'li.it can or 
shoulLl Ix- Llone to make it true!'' How can we.jnarsh.al our lesources to 
reach that 

In this yL jrlynni , Scieiice teachers'are speakini; ou:t as a [Molession. 
in Part I, science teachers describe the curie lu school crisis and soine 
^ways in which it is beini; addressed. I'he thout;ht.s ol the.se .uir ho r.s 
niirror botli positi\e and nei;ati\e aspects -oF oui' prolession's [public 
inlai^e today. Iil Part II, leaders oF tlie iSJational Science Teachers 
A.s.sociation outlin.e what rhey thiiik schotd scieiue can or should he. In 
Part III, NSTA;s president Robert i:. Yagei' ( 1982-1983), and execu- 
tive director Hill U. Aldridi;e jointly de.scribe a vehicle tor cluSterii^U 
resources to make school science what it slK)uld be. 

I'ouethei', aild \\\ Ci ioj^era t ion; we as a jirolession are speaking out 
about the teach in i; of science. 

i'.iiiii K. Blow t) 
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Pari I 
Science Education 
In the Unitec! States 

Robert E.Y^er Bill 6. Aldridge 

The t niversity of Iowa NSTA Executive Director 

Iowa Cit>, Iowa Washington, D.C. 

John Pehick 

The l niversit> of iovi.i 

Iowa City, Iowa 

Science educntion in the United States received unprecedented 
hariohal-attention after the hiiiricliing of the St)viet Sputnik in 1 957, 
but school science has lost its favored position: Federal support has 
eroded. The role oF technology in Vietnam ^ave a bad inlaj^e Co science: 
Despite declining school enrollments, Americans became uhihterested 
in public education: By 1976, the National Science Ft)undation (NSF) 
suspended all education pro^r; -ms designed t{) imprt)ve science teach- 
ing, and severely curtailed further development of active curricuium 
f^rojects concerned with producing materials tor school science. 

The crisis in science education at the precollege level has received 
widespread publicity in 1982 and 1983. The National Science Teach- 
ers Ass()Ciati()n has been deluged witli reqursts tor detailed informa- 
tion, as well as siiggesticins (nr solutions; NSTA data, collected 
through several different surveys ct)hdUcted over the past three years, 
have been summarized to characterize the current status of schoc)! 
science; and NSTA has been involved, on a variety of fronts, iri 
addressing the crisis: 

A, CURRENT PRACTICE: 
SCHOOL SCIENCE TODAY 

In 1977 and 1978, three important research effc)rts attempted to 
docuinent the status of science in the U.S. educational system. The 
first study |3j summarized the literature from 1957=1975, surveying 
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intorniacion un st'HiH)! praciicc-s. iiiscruLciDiial niatcrials. icaclicr L-dli- 
cacion. administrative financial CDncroL and needs in K^IJ science. 
The seccHid sctidy | scirvcyed ceachers, administracors. supervisDrs, 
aiul or her schoul persiiiincl nati()invidc concern ii\j; ciirriciiia: course 
()Ft'eriiii;s. ceacHiiii; nierHods. enfollilleius. iiidividlialized niarerials; 
ceachini; assi^unmencs, sup['>orc services, aiid deiiK)i;raphic jntornia- 
:ion. The tliird stuviy \ S \ consisted ot 1 I case studies of schools I'cpre- 
sencini; ;litferenr tvpcs of communities, and it included extended on- 
site visits and iri- depth aiialyses oi the ease study reports. 

Also in 19^8. the National Assessment of liducational Proi^ress 
( N AHP ): in its tliird /ir. ilmm Wlv;/ of Siic}iic j 5 |. revealed that studenc 
interest iii science decreased between the third and seven i!i grades, 
arid declined further between the seveiith and eleventh tirades: A 
number of research reports revealed that student interest ii1 a i;iveii 
science course was luucr at the c*nd of the course than at the be- 

In 1978, the National Science Foundation (NSlM awarded a majiir 
research contract for the purpose of synthesizing and interpreting che 
more than 2,000 p^i^es of information from the three NSF status 
scudies and the NAI:P reports. This research effort; Project Synthesis, 
involved a team of 23 science educatt)rs from throu^hiuit the U:S. | 1 | 
The research teams were divided into five focus i;;roups c^iar^ed with 
examinini^ components of K-12 science education in. respectively: 
biology, physical science, inquiry, elementary school science, and 
science/tecbrioloi;y/ society. Hacli grimp worked itidepcndently with 
che same framework of goal clusters and critical eleinents for teaching: 

The general research procedure characterizing Pr()jecc Synthesis 
was the discrepancy model frequently used for qualitative i-esearch. 
Basic to this design is the development of ideal state conditions, fol- 
lowed by descriptions ()f the actual s^^te. l^iscrepancles between the 
r\v() conditions are identified, making possible recommendations h)r 
future acti(jns, 

Scill another response to the challeiige of the niid-197()s was a 
^rea^ly expanded effort by NSP in science ediicatiiin research: Reports 
of these studies continue to appear, and NSTA has tociised its nioilo- 
uraph series; X^hvit Rc\carch Suyx io the Scicficc 'icuchcr. oh results oi 
such efforts. I Sucii analyses are rich sources of information coh- 
cerning successes and failures (>f science teaching in the U.S. 

Information from a wide variety of wTitings and reports, ctirrent 
projects, and research converges in a characterizatitiil of current sci- 
ence as plagued by ten common, recurring problems. 

lb 
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ccvlmI th.it [UTLcnt oi' all scic-iuv tcMchc-rs in tlic- LLS. use a tL-xtbook 
n^.»^^ ol ilic iiniLv TlU; tL-xtbook dctcnnincs the course cuntciit, mode 
ot iii>truL[io[i. aiv.i ev.iUiatioh. The ini>s( si.RniiKMiit curriculum deci- 
sion rhar l' S. :eaciiers make is the ciioice their textbook: Once tins 
has bee:- derermined. teachers attempt lo cover all content m tiic 
book, '.-ualb' in tlic [M^e>C!it^ed order aiul uith tlie instructional aids 
pri t\ uiedi oi- su^i^L^ested 

l.K'i'.:d\ Ar^ Surynwi] Di fhn j. A [Trincipal justification tor school 
silence ..t everv level is the preparation it provides tor the next aca- 
demic ie\el. 'leachers tre^[uent ly det'eiid their Course: the content 
0)vercd: and instructional straiei;ies be^.^iise "these are expected by 
[hi' teachers stuidents will have next year." Surely, this is worse wheii 
seo)ndary sLhool teachers insist that colle-e teachers expect Certain 
[Material to have been covered. The e\ idciK e su^qests that, in science. 
teaJiers .ir [he next level rarely expect much more oi students than 
the al^iit) ;( » read. ... 

The i;<'ais sciciue instruction are also commonly limited to spe- 
. ihc knowledge and Sf^eCilic processes. Such an orientation is limitiiii; 
and inaccurate, for like nUist Complex human enterprises, science is 
miiltidimension.il. Some ot these dinieiisions .ire as appropriate in the 
classroom as the process .iiid content dimensions. 

l-.nlinU to dctme science content other th.m throUL;h a discipline 
orientation quickly reduces most discussions ot science teaclimt; to a 
consuleration ot the relative erupliasis and seciUeiicin^u oT^iven science 
topics- almost .ilways those tr.idition.illy packed into disciplined^iound 
courses. This \ lew ot science .ilso explaiiis our iilability to consider 
<)ther vlimensiotis ot science. 

fnr I'tntrtViUnn Other serious problems are rooted in our inability to 
move beyond the lecture as a torm of instruction, lollowed by student 
recitation. We have emphasized the presentation of content tor stu- 
dent mastery, ilecit.ition becomes useful as a form of motiv.ition only 
for students who w.mt to succeed in tr.uiitioiial ways. 

Most science courses fail to include even one ex[x*riillent that 
allows students t(. identit'y and define a problem, propose procedures, 
collect and inter[M-et resuits, or make decisions. Students rarely eni;ai;e 
in .ictivities for which the aiiswers are not provided In" t he textbook 
autliors, by the teacher, or by other saideiits. M.Uiv .ictiviiies in science 
classrooms are mere exercises in followini; direcUons and verityini; 

._ . _ ...... %ta.-6:.v 

iiiforinaticUl i;iven bv the text or teacticr. 
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• i. .V;vcL c .1 /i ]:i .://(Jlt J }f/ 'I'rj.litif'UjI W'j] \. I' v.i liiatii )il ot success in 
scliDol sciL-ncL* mir["i)rs oui" cmplKisis upon contc-ni its ou'ii sake-, 
tcaciier Icctnrcs; and icxtl^ook prcSL-ntations. l^y L-nipliasizini; dc-Hni- 
[iuns and tlu; knnw icduc tiinicnsiDn; wc tc- nd (<» ciicuin.sc i ilu- science. 
[() inaI<L* puf^pets out {)[ studcir.s, and to reduce science leachiii^q to a 
CDncL-rn ^di" dLtuutions. \ ocabulafv. aiul la\v>.. 

rn:>f}>. Ir iia> oeCDnK* coininon in tliL* U.S. to ()init the iiuniah dini'L-n- 
sion tVoin sciciKL- LoursL*>. '1 Ww Hr.M occurred during the s. \\ lieii 
"pure" Science \\ as sn" ess eel: All sensiti\c or coin ro\-er.siaI areas were 
reniowd or d.e-en:[^ha>ized. Science Seein> to ha\'e been se}^ar:u'ed 
From tile soc ietv Vii u HicH it lias a lu' ays lleeii, aiul huist he, a part. 

The science classi'ooni ani.! lahorators' lias'e coine to He seen as 
exckisivc sctimt;> wliere science is done. \Ve ha\e packai^ed courses. 
inckidin.L: laboratory acrivities: ro fit neatly into class periods, the 
school day. and the .schiuil year. W^e ha\"e been <,\v)\\ td use the \:ist 
r<*>t)urces th.it the pei'sonal experience.s ot e\"ery stikieiU C()Uid add to 
rhe science class. ha\(* tailed to acknou'ledi^e tiiat the u'orld it.SL-h 
is the real jal'joratorv- for >cience studies. Some nou- feel that most oi 
\vhaf a StULlent ki"^()\vs, Feels, and does rclatinr; to science comes Irom 
non.school experiences, lii.steaci of .il't'ectii^i; student behavior in out-ot- 
school settiirus, school .science seein.s to liave litile relevaiice to the rest 
oF life. 

(). A Sl)ortj;^c ffj Si iL fli'c JJuI Alj!/yc;;{jyh-\ Tcjchcn l ijs ^^^'^^ 
\\"7Li[-c\f)n:h/ r \c nf I ' )hfi{dliiitd jiid { ' uJcn/.'/j/jJicJ I'cjcIjow. NSTA s 
tail l^.^SI survey ()f C)()t) coiicncs and uni\'ersitie> u hich [prepare science 
and mathematics teachers showed a shocking; ten-year drop in these 
areas of enrollment.: a "9 percent decHile for ill.it heilla tics, and a 6 ! 
percent decline for science. Data from an(;ther survey, which NSl A 
conducted in fall I9S2. sho\v- a further decline. Accordini; to data trom 
the Natioiial Center for Education Statistics tNCIiS). the decline ()\er 
thi.s same period for teachers in other fields was only about 2^ per- 
cent, aiul the decline in eiirolled .students was smaller ;yet, abotit 2t) 
percent. 

The demand for .science and math teachers is e\en .greater, how- 
ever: AcciH-chr.q to i^STA s fall survey. ^2.()()(j classes in science 
and mathematics C()Uld not be scliedtiicd in I9S2-i9S^ for lack of 
teachers and, or resource.s. Instead, Some 6 i(),()()0 yotini^stcrs who 
wanted to take science or mathematics were rec]uired to take Courses 
in otiu-r subjects for which no teacher shortage existed. Of the 17 
million children in grade.. S-12 this school year ( 1 982- 1 ), 
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aiMsiiijlU. How c.in the .ciii)^^ be i!iKliii|: tc-a. is lo iill classc-^:^ 
T\k-\ \\a<l: Ixx-n c-iiipl.>viiiu:v;;:/:v:?/7/:;/ aiiJ ■ ■ r.y//.////r./ u-jcIk-K. in 
i I -• I'^SJ. lialt of Mk- iirwly L-iiipI()yL-ci i\cl- and nia t iK-nia t u > 
teachers ni the t'.S. wciv uiKiiiahlKxl (see lML;iire 1 . pp: S and Such 
rc-achc-i s wctc liirc-d uith provisional or L-nK-r4^c;ncv crr: it k at loii; nr 
u hen L-xi rc-iiuay low a-rrihcation staiulards were ii ettecf. I-nR-ri^eiuy 
nieasiires have made pos .ihle the rcassi.^nnieni ot teachers jroin phys- 
ical education, home eeonomicv s,»ii.il science; elenu niary educaiioiK 
an..! othei- fields u here sLir[^iiises exist. 

TeaclK-rs are al.M) coniinoiily transtei red u itliin science, for exam- 
ple from hioloi;\ to chemistry and physics; u i'.a)ut sutticient cjiialiiica- 
tiMijs (o teacli the Mihjects they ha\ e been assiL;ned (see I-iL;iire i; p. 10). 
Currenilv. o-,er itl percent oF all science and mathematics teiichers 
teachiiii; in grades " to !f arc imqualined or severely imderqiialitied. 

PiiiuipaN arc' faU-d \virh an ovc-rali Lk-clinc" in seioiularv scho(»l 
enrollment, a oirphis of teaihcrs in some areas, and a sliortai^e ot 
scieiice and mathematics teaciiers. V<'ho Can blame a principal who 
reassigns a K)n[;-tinK- faculty iiRinlx-r from a noiiscience field into a 
sUence or Jliatli slot u hen no qualified teachc-r can Ix- found/ Nhire- 
Dxer, e\c-M if a qualified person is a\ ailal>ic-, ti.^ht l^udi^c-ts and tc-acHers' 
o>mracts can pivciude a principal s hirmi: a new staff nicanber: thus 
the prmcipa! is torcc'd to mc-et th<,- need tiiroUt^h staff reassignment. 

7Ac 0:v::/;/rc:/ (.V^nv. .Vee/^ c/ * //u SccJ^ jrdinnnsts nf 
.\I'M/ .S///, The- problems caused by a lack ol sulticieni hUnibers ot 
trainc^teachers are coitiptKmded by the mismatch between science 
and mathematics courses and the needs and interests of students. Hie 
science and mathematics courses in T.S. schools today are, toi the 
most part.onlv slightly modified versions of* t liose developed by tc-ams 
(.r scientists aiul teuchers after Sputnik, ^'et . as jerrold Zaciiarias, Ntl'i' 
physicist and oriL;/nator and developer of the Pinsicai Scietice Study 
(..munittee (PSSC) Physics, reported in restimony ()n I-ebruary 1^), 
P)S(); before tile Subcommittee on Science, iU-scarch and Teclinoioi^y 
the Committee on Scient e and Tec linoioL^v. I *.S. Mouse of Repre- 
sentatives. -'Vs'e iiad aimed onl^ at the coliei^e-bound afid collenc stu- 
dents bc-cause we could fiot do e\er\ tlmi.u at once. 

Our present scietue andjiiatii courses focus on pure science and 
usually emit practical applications, teclmolot^y. and ilie relevancy of 
science to societv s probletns. They clo not prepare people tocaiter tiie 
mvriad noiiscience occupations that require L;eneral teclHiolof;icai 
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knowlc'Lii^c- tor which science is the base. Nor do these courses prop- 
erly take into account the use of computers and modern electronics. 

Ciritics have sui^i^ested that the future job ma^'ket will be most 
/av(>rable for onskilicd persons who will work as janitors, nurse's 
aides, sales clerks, cashiers, and \va iters/ waitresses. The assumption is 
thai these jobs will remain the same and will be unatfected by automa- 
tion. Ten years ai^o. such critics would have predicted h'l^h empkiy- 
nieru for service station attendants. But now, w'ith autcmiated .self- 
service gasoline pumps, the need is for hi^h-tech design, sales, repair, 
and maintenance personnel — and few attendants. We have increased 
productivity in marketing gasoline. 

Siiiiilarly, the trend toward automation cuts across virtually every 
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area, reducint; the number of unskiiiecl Jobs while increasing oppor- 
tunities for the more technical jobs. TIic processes of inventing, 
designing, engineering, producing, selling, installing, and maintaining 
automatic equipment require considerably greater skills than any 
needed^ by people wllo operated equipment manually once upon a 
time. The same number of people, or scMTiewhat larger numbers, are 
needed for the new chain of functions; but the output per worker is 
increased by an order of magnitude," thereby increasing productivity. 

TechnicLilly trained personnel are essential for the creative activity 
of iriveritirig the new devices that would automate jobs for janitors, 
sales clerks, nurse's aides, and others. Productivity in these fields, as 
well as in manufacturing, can be increased only when our work 
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i'ij^urc J. Subjects 'l aiijL^Ht by Ncvvly !• niphn cci, 
L'nqualificJ SL-iciHc 'icac-hcrs, i9S2-i9Sv 




foiLi.-" -likc-I.ip.iii's- - has tlu- sliciltit it and [(.■chnica! kno-A Icdqc- co st-c 
'W/ ^/7- \\ liat nni.st l^c liiinc it) imi^iu\c'. 

Pw'l'h. LiJ)-)! Si/LJh-i. Tlic last u-n ycais lia\ c pio\ iticd iliiali iR-w 
lilt; )rin:i[ i( >ti cDiucrnini; tlu- way luitnaii bciiii^s Ic-ai n. 'I Ik- ciirtX'iii 
litl-i-aturc- presents exciting new ilata abDiit the adok'scc-nt mind and 
how it l1c'\c'K?p.s. InFoi Mlation tioiii siiidics in coqnitivc psych()K)^y has 
aj^phcation tii school science classrooms \'.iiioii.s nc-\v studies (in the 
siriictui-c of tile- sciencc-s t hc-niscKc-s Mii;i;est neu' wa\s U)v science 
teaclieis to apj.^i'oach instruction. 

"rh()se tha/e\isr are inaf^propriaie hir the science course cofuent and 
(eai htni;^netlv. )l!.s iieeLieLi to li [dilate preeolleuc science c-chicat i( )n; 

!(). Sc/L /;ct ( '.oniL iit in t lye I-A wt r/un Svljnoh U Si'jr/y 
/l ;.'/. d eacliei's are ill-prepareLi.-resoiirees ai'e lackini;. and the t()Cus on 
the so -called basics has tendeil t() ii^nore science. 

B. ADDRESSING THE CRISIS 

1 I'ht' Scsin t) (nr l-xVcHcyn c . nesei-iptitins current practice make 
iiuerestiiit; reaLliiii; in any professi()n: Init they aie of liniiied use in 
brill nini; about chan^t;e and innowition with more surety than altnrded 
by the usual trial-and-error process. There is some merit, as Thomas 
Hdisoii said, in kii(jwin^t; a lot ot" tliiiiqs that won t work. I lowever, 
knowin^t; does work is a coisiLierably nKHC direct route to 

success. 

The Search For Hxcellence in Science l-iiucation was a Inimical am! 
rapii! (Uitt;ro\vtii of tliis idea. Sponsorship by the National Science 
IVaehers Association and the (auincii of' Stare Science Supervisors 
(CSSS) was eqii.dly lo^i;ieal. NSl'A. with a inembership of 
science teachers, .mk! C!SSS, whose members are state Science (.(xirLiina- 
tors from each state's department of instruction, are hationaf and 
:icfive or^^anizatioiis. Another important sponsor, the National Science 
Supervisors Ass()ciiiti()n (NSSA), liciped immensely with publicizing 
the .search for exehlplary science prot;ranis: Partial fundini; was pro- 
vided by the National Science Hoard (NSB) through its Commission 
on Precollet»e Education in Mathematics, Science and Technology. 

For I'ASi: rliis new* and continuing effort identified 5-1 examples of 
excellent programs throui;hotir tlic B.S:— 5() tl^rou^^b NSTA's aniuiai 
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cFtorr. .![Ki one lalI) '->l-\l'lU\\ tlic lulucitioii Divisioii (it tile Ailil'fi- 
caii (Iheniicii Society «A(*S). the Naiional Association ol deolouy 
Tejcliers iNAtil'i; the American Association of Physics Teachei's 
• AAl^'I'i. aiul the Nationai AsSi>C[a(ion ot iSiijloi^y Tcachei.s (N'AlVr). 
(Complete clescript iv)ns lit' these proi;rainS are heiiit; pi! hi is lied a^ a 
scries ot niono^t;raphs a\ ai}.ible troi:i NSTA bei^iiiiiiri^t; iii 

The criteria for this -earch canic about through resiilts ot I^roject 
Synthesis During tlie \^)>''>2 NSTA Search tor hxccllcnce. goals atiJ 
tlie general <.icscriptions ot' tlic desireJ state tor each ot the li\X' tocus 
areas were used to Jetine excellence in sciiool science programs tsee 
Table 1. pp. 1 i anU 15). 

til the sprini: ot 1^)S2. state science consultants in each state nonii- 
nated outstanding science programs in their respective states. ()tten, 
site visits uere made to \crity program conditions. A state'-vit^ie com- 
mittee read the rioilliiiation papers in cacii case: In all situations, the 
same stared criteria and the saiiie search process were app.licd: 

By mid-1982, nearly lif)5 state nomihacioiis were submitted to the 
project director for consideration at the national' level The.se state 
exejiiplars were examined by committees comprised of some members 
(irthe original Project Synthesis researchers: Tlic 50 programs most 
closely Fitting the desired state criteria Were named National fixem- 
-piars: 12 in Plementary Science, lU in Biology, S in Physical Science, 
10 in inquiry, and W in Science/Technology/ Society. The review 
:ommittc-eS also selected 6 progt ams as portrayal sites to be known as 
(.enters for Pixcelleiice. Three-perS()n teams (including appropriate 
state chairpersons) .spent approximately twi) weeks at eacli site during 
spring These Centers for lixcellence represeilt a briuid range of 

subject matter and geographical distribution; mo.si were selected as 
exemplary in nuire rhan one focus aiea. 

Liach of the ^0 exeiliplary prcigranrs has j^rovideil extensive data 
about teachers in the prograin as w-ell aS iiiformation on the program 
itself. Coordinators or contact persons witliiri each exemplary pro- 
gram distributed questionnaires to teacliers within their prograin who 
they felt clearly reflected rlie rationale of the exemplary pn^gram 
itself. These questioniiaires combined the questionnaires developed by 
Weiss I 10] and the Science Attitude Inventiiry | -t |, supplemented by 
additional demographic questions. Alinost 300 questi( iimaires were 
completed. 

l:ach exemplar contact |.>erson also completed a 1 OO-item narrative 
questionnaire which provided detailed information about the nature 
of the program arid learning activjiles; evahiation criteria; and the 
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pasi. present, and future u\ tlie pro^i^raih. Appropriate data troin tlie. 
te/iclier questioimaires liavc beer, compared with results trom the 
saille qliestiiinnaire adilli Mistered by NX'eiss to a random sample of all 
s;ienee tcaciiers ifi tlie I'.S. lii l'*^7. Tlie tiarrative <.jiie^[ i( ii i hai reS 
pro\ ide deseripti\e information as well as examples oi p:\u licv ^^ ufdil 
the cxemf^lar piOL;rams. 

N'isirs fu the (x-niers For l-xCeMenee are pro\ idnm e^en i.iore de- 
tailei^l intormatioii about the history atul ».lay-to-day ojjcr.irion of six 
exeifiplars. \vh.i».h uill be j^oriiayed in a tntuioL^raph a\ad:^hlc trom 
N'STA in late I'^^S^. Porcrawd \ isits iinoK t'd Mt least oiVc iiieinber o^ 
:he i>riLM"nal [^roiect S\rHhesis team, the .state eliairperson, and the 
Seareh for i:>^cenencc project (.lircLtt)r. C)ther team members inelu'.kxl 
special consultants to the partictdar p rot; ram and a member oi the 
XSTA Seareh (!oininittce. The portrayal team collected information 
and jiereept ions from ueaeliers. st u^^leiits. adininistratiiis, (.ommunity 
leaders, ^^raduates, and school board niember.s re^L;ardini; seienee pro- 
Cram ^uoals; successes, and impact. 1-aeh team member i<.lentiiie(.l and 
rated factors associated with this form ol excellence. 

2. I-lV/l rvil. StMl, vnrj ijrcai KuspousihUiVic^ . In the T.S. dvVn cry 
of pree()IleL;e educatioii is clearly a state and local responsibi iit.y. 1*hus, 
teacher salai ies. normal sup.plies, materials, aiul preser vice aiid iii ser- 
vice education prot^rams must remain a local and state respoh.sibility. 

Rcscarcii — botli basic research on learninij and the use of various 
techn()l(>L;ies to facilitate it; and research on (.uriiculum content an<.l 
sequeiice — is an appr(>printe sphere ()f acti\'!ty tor tei^lei'al agencies. 
The federal responsibility for precollc^i^e science and math education 
should be executed mainly through two agencies: the U.S. Depatt- 
mcnt of I'lducation ai\d uhe National Science l*oun\lation. 

The t.':S: ncpartment of i:diicati(jn, throut^h grants to state and 
local education agencies and through programs at the Department's 
National Institute of hducation iNIl:), is able t() play an impoicant 
role in addressing the science education crisis. State and loCiil fuiids it)r 
preser\ ice and inservice training shoLdd be augmented by federal sup- 
p()rt tliroiigh tlie L)epartment of h'ducation. Private sector support 
colild be .stiiindated by such means as tax credits, but should focus _ 
mainly t)n local Conimuility assistaiice in the form of matching fundsr^ 
resources, and personnel. 

In educational research. Nib! should be principally responsible for 
basic research on learning: NSl* should be responsible for research on 
course Content, structure, and applications resulting from NIl>sup- 
ported basic re.search. 
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.! fsL- kn<;vs IchIuc- iir hc-nc-lii qu.ilit\ ol life .liui livinu lor hi:iiKiii lXMni;s 

{ Tnuis »'n uirrcdi isMic-s mu\ Jc.l vv itli iiioimN. \.^l^k•^. ctliics. Vuk\ :ic->f}iOiio 

1. Apply jMn sic.il Ncrcricc rt^c■.l^ wiul inttu rii.tiion tt i rc':il-\vi )rk"i jM-ohlenis 

J. Oispi.iy Lciiucnt in loihc-xi dI s.)ci.iily rclc-wint [->r( »hlc-nir;, .il>«> a>. >.uc-iki' iplllH-^ 



3. i-cJc)'uii)in^uth us: in chc97ch Ct)ni^rcss, 17 bills we re ihtnKlucccl 
C() address chc crisis iii scityictrrducacion. By March 1 I, 1983, m chc 
9Htfi C^oni^rcss, several of chcsc had been reintroduced and new ones 
introduced as wclL The U.S. House of Reprcsencarives has already 
passed \\.\\. n 1() for Sd25 million, of wHich S 1 .SO million is for NSF; 
at lease six bills rclacin^ co science education have been iricroduced in 
rhe U.S. Senate: 

It is the National Science Foundation, however, that has the autho- 
rization to maintain the health of science and the science education 
w'iiich supplies sci^-ntists. As described in Public I.aW 307, 81st (:on- 
i;ress {Cy\ Rev. Stat. 149, S. I i7). Section 3(2): 'The Foundaiion is 
authorized and directed — to initiate and support . . . science education 
pvV)M. ins at all level.s \ . . . " The existence of the present crisis and the 
variety of Congressional initiatives are clear evidence that NSF's poli- 
cymakini^ body, the National Science Board, has been nej;Iij>cnt over a 
ioni^ period of time. 
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The NSH is supposed to set pulicy aiid to recommend pnn;riims and 
bud^uets to support those programs. lii aii etfoi t t(> prtuect and pro- 
mote suj-iport For scientific researcli. tHe NSB Ikis systeiliiitjcally re- 
duced stjpport for science education for more than 20 years (j^^e Fi^i;ure 

p. \())\ \V'e now hice tlic consequences oF that lon^-tcrnv.^ncglcct. 

In h.is testimony before Q)n\t;ress in February 1 980, Jer/-old Zacha- 
rias stated tiie NSH problem wel-I: 

. . . I'r jhe liducation Directorate (at NSI*) is strU^^lin^; against an almost 
impussihle chenn — ah enemy Froin within; Hrciin its inception the 
Snence Hoard ( I'S'SI^ ) that supervises the NSt" has treated the itduca- 
tion OirccroratL' as a trivial C()untry cmisin: They have said that the 
i4ovcninicrit sh(iuid L»ive the NSF money For scientific research and 
iiever iilirid what happens to the two [nindred m ill ion people who 
cloiVt do research: It is those \'ery people whose hves. jobs, leisure, 
entertainnieiu; F()od; security, and everything else depend on a sound 
economy in a democratic society. The Federij^ government can no , 
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l()ht;ef jliow irscU" ro ncplcct rhe schnols, and rhc NSP has in its charter 
the fcsponsibiHry and aurhon'ry ro do somcrhin^ abour rlicm. , 
In spite of the NSB's lack oF action in carrying out its^statut()ry 
c)bligati()n, science educators continue to believe firmly that the origi- 
nal reasons for lodging science edncation programs at NSF are still 
valid and important. We must develop science and mathematics edu- 
cation materials and train our teachers in a partnership with those 
scientists who discover new knowledge. That knowledge, and the 
methods, used by scientists to acquire new knowledge, are constantly 
changing. Science and mathematics teachers need direct, cooperative 
relationships with scientists and mathematicians: involvement of re- 
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sL-iirLll siil-iU ists iil sliciKc L'dtuatiuil i.s ossein iai. NSI* is a siilalK 
iilJcpciulcni ai^encv u'itli a reputation tnv aLliiiiiiistfi'iiiu nrui^r.Hns of 
■ VL'vy lii;L;li (.jiiaiiiy .sL-lL Ctc J o/! nn ri! . 

I'vcn thoui^h the N'SH has hL-en slow ro iLspoiul to the [^il-sl-ih 
crisi.s; a.s iiuhcatcLl by the lack of NSl* inir iativcs; scicinists at [im's ersi- 
tics and ill the pri\ate sccr()r, as \ as th()SL- at tile Anierilan A^S()ei- 
atii)!! fiH' tlie Ad\aiieeiiiein ot ice tAAAS) aiiJ the Nauohal 

AeaJeiny ot Sciences (N'AS). Iia\ e shown threat interest ancl concern. 

I. .V.S7. / lYiitutii cs. N'S'I'A has been in\oI\eLl, in a \ariety oi \\a\s, 
in adJressiiVL: the crisi.s in science education. The N'S'I'A position 
statement "Science-Tech nuloqy -Society; Science h!ducai ion tor ( h.e 
i 9S()s" ( Apf^endix. pp. 1 09- 1 1 J ). lias received wide.spread acceptance . 
The officers and staff of NSl'A arc u'orkinn with the incdia to inform 
(lie piibhc: l-or exainple, in I9S3 the Associat it hi's executive directoi' 
has been interviewed oi'i all three major tele\ ision hetwork.s. Article.s 
referrinu to NSl^A ha\ e appeared in Sen .\ u-cci , I'l/z/c, I'l^c U ".;// 
Stf'cci* Jn.urfhil. a nil h mid reds of ne\\'.spapei"s across the countr\-. The 
ctt(.)rts of i\STA members, as uell as our affiliates, are having a 
prot()uiKlly [^(>sitive effect, tl c, not others, are setciiiu the aL;eiida fi)r 
.scieiice education in the 19S()s aiul i^evoiid. 
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Part n 
The Science TeacMng 

Profession Speaks: 
Where School Science 
Should Be 

Under tiiL- ^uidnncc of tlic Yearbook Advisory Board, the members 
of NSTA's leadership team (board members and major committee 
chairmen) were invited to consider the f()llowing: . 

There is a general agrcemenc chac che level of scientific and cecHno- 
lo^icai literacy of Americans is below chac required by chc demands of 
our sociccy; Tliis problem is a mjccer of nacional debace. Commissions 
have been formed coscudy che problem and co make recommendacions 
for irs solucion. 

Here is where we as science educ.uor s muse make subscaricive concri- 
hucit)ns CO che nacional debace. We need your analyses — arid your 
recommendacions for action. To be mt)re specific, of all chac you believe 
can or should i->e done, suppose chac you had co make a recbrrirrierida- 
cion for che .r/^/j^/r fYiost trriporcaric acci()ri cO be taken: 

Their responses fit into three categories: prjctu'u! concerns, pnr^ rum 

concerns, and policy concerns. 

In the first group of papers, the practical concerns — about resources 

such as students, staff, and money — are highlighted. These questions 

are explored. 

• Does scientific literacy make a difference:-' 

o Do we tap the basic beliefs of scientists and society in school 
science.'' 

• bo we make school science available for all students? 

• Do we make school science available for women.^ 

• Do we link school science with industrial resource.s? 

• Do we link school science with local commu.nity resourccsP 

• Do we link school science with ric^rischbol constituents? 

In summary, a profession speaks regarding practical concerns of 
science reaching, the relevance of school science to human concerns, 
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the availability (if schcxil scic'ilct;, and the hnkage of sehi)ol science to 
nonschool resources. Shi)uld we be addressing these ctHicerns;' 

In the second group of papers, progr.jn C()hcerns abciut ciirficukmi. 
instruction: and teacher skills are emphasized. 

• b() wc include the essential aspects of science in (iur detinitioh ot 
scho()l .science.-' 

• Do wc expect .school science to nurture creativity.-' 

• Do we tap the individual uniqueness of Students in scliOol science.-' 

• Does science teacher preparation iiurt'ire effective science 
teaching:-' 

• Does a teacher's knowledge improve his or her science teaching.-' 

• Do we tap the potential of C()ntin[iing education to strengthen 
teaching.-' 

o Do we have resources to develop the new teachers needed tor 
school science.-' . . 

• D()es sch()()l science tap the key resources oi the elementary 
school prepaiatioii:' 

• Do we link .school science lo \Uc science supervisor as a resource.^ 

As professionals, are we aware of needs for curricnkim tailored to 
individual student differences, and to the heeds and interests of 
teachers:-' Can we attend to these program needs.-' 

The third gr()[ip of papers focuses on policy or political concerns 
related t() perceived needs in scho()i science. 

« Do we make sch()()l science fit the needs of each learner/ 

• Does school science in the elementary school facilitate the goals 
of schooling'-' 

• Does school science enhance writing literacy? 

© D()eS school science enhance language literacy/ 
© Do we a.s science teachers infhicnce political or policy decision 
making/ 

When questi()h.s (if policy and politics arc examined, the kmds of 
larger question.s about what we ULtUatlr d() are inevitably linkc-^Ll to 
further questions that require value judgment.s. These ask what wc 
slyordii do; in iiglit of what v<{: can do. 
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A. PMGTJGAt CONCERNS 



Does Scientific Literacy Make a Difference? 

Caf'^on H. Stedrhail Frances Stivers 

Austin Peay State I niversity Terry^ Parker High School 

€farksviHe, Tennessee Jaeksoriviile, Florida 

[Linu's B: (ionLinr clescribcd science lis ": : : :i spcctiinrivc ctncrprisc : : 
stieiKc IS il()t: uilly l1 Ljiiesi: tor certaiilty; it is rarlier a qiiesr \\'hic"li is 
success ill i Dnly to riie dei;ree tiiar it is continiioiis.'*' We iiave deiilun- 
srrarcLi our inability to (.Icvc-lop in riie majority ot our yoiini; people 
personal moM\ation to piirsiic science, or ar least to puisne an niuler- 
stanciini; oi science: A closely re hi ted concern is our inability to 
<.lcvcl()}^ in iHost stLidents a satistactit)ii\ it iii)t excitement, from ex- 
plorin^i; the mvsteries which school science pro\'ides, 

H the reason For our lack of scientiHcally oriented people, including; 
teachers, is that not enoUL;h people really enjoy the study of science, 
then w liLit can be done;'' 

i-e\v people would challeiil;e the perceptitm that school science has 
never been tavorei.1 with tiill acce pt a iice as a vital part (it the eleiHeii- 
tar\- ani.1 miLldle school curriculum. liven during; the c.iiricuhir revolu- 
tion in the wake oF Sputnik, only about one tourth ol Ameiica's 
scliools directly benefited from f inula mental chanj^e. AdLlitionally. 
there is reasoiiable belief ancl S()me e\ iciencc that even scliools that 
adoptecl the new ciirricula tif the \^)C{)s did .ilot fully adjust t(j the 
tiieoretical base upon which these new' ideas were touiideLl. 

There have been and are exemplary schools and teachers who excite 
America's soim^ people about science, but their ninnber is miniscule. 
The bri_i;ht. shinini; stars ot prescr\ ice programs arc too often lost in a 
Nfilk\- VC'a\- (if school systcins that ne/;lect science education. 

Neophvte and experienced teachers alike soon lose their einhusi- 
asm for teach iivi; science in an environment of basic skills acHieve- 
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mcnt aiul the collection of milk inoncy. Teachers are no different 
frcun anyone else in their response to the existiht; reu'ard system; If 
the principal; superintendent, board, and public demaiul success in 
basi- skills, school science is reduced t(^ secondary in^portance. When 
this condition is coupled with an i^n(^rance of the positive relation- 
ship between learning science arid developing language facility (a rela- 
tionship which research findings imply), then school science may be 

either neglected or eliminated entirely. 

Shiilmari arid Tamir | 13| suggested that politicians. have ^is much 
to say about molecular biology as docs the National Science Teachers 
Association. Although this is regrettable, it also tells us something 
about politicians. They have power, the same ptiwer that launched 
NSl'CurricuIar efforts In the 1960s and that passed arid funded Public 
Law 9 1-1 l2. The use of this power is viewed here as our only realistic 
chance to attack the "cause" ()f our science --oblems rather than 
continuing to treat symptoms. 

We must radically anc; vigorously mount a massive national com- 
mitment to establish science as one of the necessary components of a 
school's curriculum. Weinberger stated it this way: 

Our youngsters uced to be exposed as early as possible ro science, math. 

and technology. Unless we begin now to mtUiVate and equip them u> 

pursue scientific and tecliriological careers, the shortages will persist. 

MO - , ■ , 

Such ari effort wiuild not only involve a national hnancial commit- 
ment much greater than that which occurred in the 1^)61)^. but would 
also require considerable iriceritives to states so that good science 
programs in all schools would be assured. This effort would have to 
guarantee that school science be presented as having at least the same 
iriiportance as mathematics and reading. 

There are at least three strong areas of support for this rect)riv 
mended revolution iri scierice education: 

1 . AttnT^iivs arc often forwcci vary early in //A'-. hack of exposure to 
scierice instruction removes an t)ptit)n for children. They cannc>t 
develop positive attitudes about something they have neither known 
nor experienced. Cho()sirig a career is a prt)cess which takes place over 
a long period of time [21, arid the middle school years are especially 
significant for science. | 3 | Fenneriia coricluded chat girls have positive 
attitudes about math until about sixth grade \ thcri cultural factors 
begin to iriccrfcrc, and more stereotyped attitudes begiri to form. I*ear 
and anxiety related to the study of science have become so pronouriced 
that a Science Anxiety Cliriic has been founded by Loyola University of 
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Clu'cLit;^). I if) I A similar institute in XX^isliih^tDn. V> i\, Ikis tociiscU on 
miirhcm.itics anxiety and avoiclaiice. Wortiiy stateel | I5| that amont* 
Japanese children, espccialiy ^c;iris. there seems to he none of the fear 
of' science and matliematics tliat is found in tlie U:S; 

2. Skill \\ contc)}t> d)ul ytu'thnds clifjcy for cjch ucMlt ynic Ici eL lil 
order to de\'elop a positi\'e attitude t()\vard science trom an earl)' ai^e 
arid to capital i;:e on innate curiosity and interests, enthusiastic teachers 
properly trained insciowc education shotdd teacii at cuvh ^radc IcN'ch 

Our modern wi^rkl is a highly tecimical one, and techn()l()^y is the 
oLit^r()\vth alul 'n'-pf()dLict o[ science. Theretore. every persoii In 
society heeds to learri the bi()loi;y of the luimari body lind the broad 
concepts oF enN'ironnient in which He lives. Citizens shoidd knOw 
about many kinds ol li\'ini; thini^s and how they rclari "o one another. 
(:itizcns slionld learn about the nattire of matter, its comp()sition..Lmu 
ll()\v its h)riiis are related t() (iri^anisnis ()il Harth and iil the cosiiios. 
Only with a basic li ride rst a riding of science can studerits begin to cope 
intelligently witli problems presented b\' society and technology. 

ScienriFic content that relates to society and technology should be 
taught in a manner appropriate to the lc\'cl ()F sttidcnt interest; Frob- 
leills in S()ciety that have been generated by technohigy shoidd be 
addressed when they are pertirierit to the curriculuri'' arid when the 
student has some basis for relatively unbiased, logical decision making. 
At this point, the student shoidd also be led to realii:e that problem 
solving is never permanent; sohitions today may need to be reN'iscd 
t(Hiiorr()W. CireLiter scieiitific literacy, provided thrtHigh siich an ap- 
proach in oLir pLiblic schools, should eriable oiir Kitiire citizeris to riiake 
many more intelligent choices and e\'en devise better, or altertiative, 
solutions. 

3: Rt'M'vtnl.) i:\ rrci'dvd: Current c\M*dcnCe scip ports the idea that 
act!\-e science instructiiHi improves learning in other areLis, siieh as 
logical th til king arid basic skills. Fositi\'e gains iii language de\'el()p- 
nierit. word comprehension, vocabulary use, listeriing skill, sentence 
construction, and paragraph interpretation are ju.st some oF the bene- 
fits associated v\'ith activity-oriented science instruction. \ 1,7,9.10,1 1; 
12 I Science instruction can and does C()nrrib[ire to the development of 
basic skills beyond rhe learriiilg ()f science coriterit and processes. 

Daniel Cjreeriberg |5J ha.s warned tHar we are producirig successive 
generations of scientific illiterates, to the detriment of industry, 
defense, and culture. Grants, loans, summer jc.ibs, higher salaries, and 
similar indticcments for :cachers may reduce symptoms temporal riiy. 
but anything sllort of a itiassive, riaticmal cornitiitnlent tc) providing- 
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quality science ihstriictioil for all I'r.'S: cicnu-ntary aiul middle school 
children is not likely to treat tiu- taiise. 
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Do We Tap the Basic Beliefs 

Of Scientists and Society in Scliool Science? 



Ronald Simpson 
University of Geoi^ia 
AtHens, Geoi^ia 



PuhiiL Aim lid cs and lid la alio n 

M:irL;:ircr Mead's ckissic study ori Hiuh scliuol stiidcncs' in"i;i;i;c of 
scientists dchK)nsti\ircd the persistence of rn;ihy mytHs in our society. 
One mi^i^lu a-ssunie tliat the netjative ini.rue of science that existed 25 
years is ^t^one, but this is not necc ^arily true. SaiLUtlay inorniri^ 
c.irtoons on telev ision and many poptiiiir movies t()day still portray 
scientists as secretive, aloof inenibers their ()\vri inysterioLis Frater- 
nity \vho are ()ut to tamper wicH nature and tjain control over others. 
Opinion ["^oll.s su^L;^i:esr that thei;eneral public still views science with 
awe. suspicion, and irJs trust. 

It is clear that .science no lonqcr possesses die imp()riance that it did 
irom the late \o the eariy I*:>7()s. Why is this so.^ One basic 

reLis(in is that the i-i'iaj()rity of citizens in this country do riot under- 
stand the nature of science. They do not appreciate the fact rhai 
invesnrients today mi^^ht take a decade or more to materialixe as some 
technological ['>roduct or impro\ emcnt in tlie human conditiiui. 
Tlirowint^ money ar science tiiday will ii()t resiilt, as SoiHe believe, iri 
soivini; u'orki {^r()blen1s by t( )h'iorr( )w. 

Public scho( J Is also (JcCupy a st.)cial position different from that of a 
decade or two ai;o. While many think we have "bottomed out," [here 
is still .urave concern over the level of state and fei^lcral support fcir 
education. Teacher morale is ac ir^i lowest since the C^reat Oepressicin. 
i^articiil ■ rly in science and niathei-i-jatics, the teacbiiii; ^profession i.s 
simpdy hot attracting aiici retaining; its fair share of talent. 

.'ake science, e-ducation is a l(Ti-ii;-term investment. Politicians run- 
hi ITU for ofh'ce _uet elected by makin^» short-term promises. Thotighr- 
ful. thorouL;h, lon^-ran^e educational phinnin^ is not Lin issiie on 
which a politician in c)ur country caii get elected. The L;erieral public 
and our government leaders do riot value educati(}n as much as they 
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, value certain other tHings. Tcaclicrs are not treated with the respect 
'they deserve and, like scientists, are often misunderstood. Public atti- 
tudes and values toward education, much Tike those toward science, are 
not as positive as they shciUld be. 

Aitinrdes of StieyiUsts and Projcisioiiul Educjton 
Toii Jrd Sch'irce Ediication 

It is perhaps possible to "explain away" part of the general public-s 
lack of support for science and for education: After all, thSse are hard 
times economically, and neither science nor education is appealing to 
atl unemployed worker or a hungry student in school. Mc)re diffiailt to 
understand, however, is the attitude prcst-nt in the scientific commu- 
nity toward science education: On most large university campuses, 
scientists and professional educators do not work together to prepare 
high-quality science teachers. Professional educators are ofren viewed 
as members of a bureaucratic establishment that perpetuates itself by 
prescribing an excess of required courses in education. Academicians 
in science, on the other hand, are often seen as crass promoters of 
their own discipline, uncaring about students majoring in other areas. 
Scientists are often criticized as elitist, insensitive, and intimjdatmg ro 
those who might be planning to become teachers at the preco]lege 
level. Science education as a profession will never attam the heights it 
deserves until university-based .scientists and academicians support it: 
Following the exciting day.s of the early and mid- 1 960s,_ science 
educatic^n programs in colleges of education have received less and 
re.ss support: Supervisors of science in large sch.Kil systems have been 
replaced by Other kinds of specialists. Departments of .science educa- 
ticm at major Universities have been placed within departments of 
curriculum and instruction, or have been reorganized into broad divi- 
sions of .secondary education. While we hear about concern that our 
nation is falling behmd in science, it is extremely rare to hear a dean 
of education or a superintendent of schools stand up and say that we 
- musr insure that science education be one of our stronge.st curricular 
programs. Instead, we see universities growing in areas where federal 
funding is greatest and wher. current fads are the most sensat.onal. 
Emphasis on the subjects of English, foreign languages; social studies, 
mathematics, and science has given way to programs controlled by 
educatibrtal generalists: , 
For many decades professional science educators have advocated 
scientific literacy for all students. Yet this concept .has never won wide 
acceptance. It has been supported neither by scientists nor by school 
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leaders nor by classroom teachers. Science, unfortunately., is still 
viewed by most people as a difficult course oF study tH:u should be 
reserved for the special few who will go on to college to m.i)or in 
science, engineering, or medicine. Theref()re, it is not viewed as a 
"basic"-in the elementary school curriculum or as a general course 
suitable for secondary school students. 

RLXomnyc>2datw}7S for Cba>2iiif2i^ Attiindes Xoward Svu'72ce 

Before confidence in science edv^-ation can be resKired to a healthy 
level in this country, citizens, parents, students, scientists, and educa- 
tors must become committed to the fact that science is an important 
subject in the schot)l curriculum and that it should be taught in a 
■manner that enctiurages ^;// members of our s^ociety to become intelli- 
gent consumers. Tu reach this goai requires the following: 

i. Siicncc riuist bt'coriic ;i basic subject in the elementary scIuk)! euri iculum. l:very 
child at evc-ry level shouM receive ft)me insiruLtit)n in science everyday. 

1. ScieiiL-e in the midLlIe and upper grades shoUld be desi|;ned for students of all 
interests and abilities. Our most talented students need to he' chaiien>;ed; our less 
mature arid less motivated students should receive instruction in science that is 
meaiiingful to their lives. ... . . _. 

V Federal and state ^overnmerits should pmvide active leadership in science educa- 
tion by eneoura^in^ levels of excellence eommensuri te with the national ^iv.xh of this 
Coiiiitfy; . 

1 Scientists shouKl become concerned about Cohimunicai ing science to the masses. 
University and college acaUemiCiahs sHoiild insist that students in introductory courses 
receive excellent iiistruciion. I^rockic ini; students with positive attitudes toward scieiice 
should be a ,L;oai ot all introductory uiurse:^ in scieiice. 

^. Professional educators s hould lake a Stand on science, and coile>:es of.eduCation 
should support teacher-training:; programs desi>:ned u> pn)duce top^flii^ht scierice 
educators. Science and mathematics education programs >Hmild be j;iven visibility 
within teacher-training programs; arid staridards of excellence should be applied in 
recruitment arid selection of future teachers. 

r). ririally: the scientific community, educational leaders, and society in general 
shcHild do everything possible to Improve the stature VA teaching :is a career. Not until 
science teaching becomes attractive eh* nigh to engage and retain its fair share of 
bright young pn)fessiona Is will we be able to cure the major ailments of scierice 
fduc:itioii in chi? country. Not until scientists and >chool admiriistrators :ilike bcgm 
UK)king up to teachers as the most importarit ingredient in our educational system 
will the full potential of :sCience education as a distinct enterprise be realized. 

In summary, it is evident thar science is hot as highly valued in our 
society as it once was, nor as it is in some other progressive countries. 
Unless this trend is changed: the United States is destined to lose its 
worldwide superiority in science and cechnoiogy. IF this happens, c)ur 
strength as a nation and our influence as a world leader will be 
diminished: . : 
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Do We Make School Science Available 
For AU Students? 



Kenneth Ricker 
tln^versitv of Georgia 
Athens, Georgia^ 

The subscc oF SLi'cncc fcML'licr.s wlio ricc-d as.si.scaiicc in making 
science Liccessible co liandicappecl scuJencs does noc liave a fixed 
membership. A biology ceacher wich 15 years of ccLiching experience 
can sucidenly be faced wich li Living a quadriplegic s'cudenc in class: Tliis 
sailie teacller niigllt never be confronted witll a siriliiar sicUaiioii, buc 

' ^'vcral years later could liLive a stiidcnr who is blind. Of coiirse, some 
science teachers. in the classroom for 21) years never Face the challenge 
of making tlieir science courses accessible to a handicapped student. 

It is difficult to provide cither prcscrvicc or inscrvice programs for 
sciehce teLicllers that go much beytmd niakiilg teachers Seil.sltive tc) rhe 
needs of liandicLipped people. Science teachers can become familiar 
with general inftjrmation about the conditions of a variety of handi- 
caps and the gcndral implications for the science classroom. However, 
it i.s not possible to predict in specif ic detail all conditions or solutions 
likely to occiir \v;th handicapped ytHingsters. A teacher's strategies in 
the clas.sr()om cahhor be determined until the teacber is Faced with a 
stLklent whi) functions in a certain way. liven ii it were now possible to 
prt;icct specific soluti( ' U) problems, there is ncrguarantee that these 
S()iufi(ins will be viable in two years: The rapid adv^incement in tech- 
ilology Cciil easily oLitdistarice tfie solutions propose codLiy: 

H ( ) w Can s c i e h c e teach e r s- r ece i v e timely assist a ri c e in in li k i rig their 
classes accessible to a specific student who functions in a certLiih way,*^ 
Mow CLm the precession Lidequ.iLely respond to the pic a of individual 
teachers; "HclpI Wliat siiould i do;^*' 

O'ir solution might reside with u technique fa in i liar in many com- 
munities throughout the country: crisis centers, established as a means 
of assisting people when they need it. l*ach Sep>cemL^r, many sciehce 
teachers tluoughout the nation face a crisi.s when suddcnl)' confronted 
with the task of teaching science to a liandicapped student. There 
should be a place tn which these 'teachers can turn For help: These 

"Science- teaching crisis centers could be located througlioUt the country. 
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The crisis L-ciltcr wtuiki function in two basic ways: as a locator ot 
intormacion aiul resources. aii:l as a lender of materials. When a' 
teacher requested help tor a specific sitiiat the center would 
respi)nd with current information and, iii sohie cases, with actual 
materials: - ■ . _ 

Suppose a science teacher were to call the crisis center .md say. I 
have a visually impaired student in my physics course. Can you help 
me?" First, the center wtuild .:.>certain how t!le student tunctK)ns in .i 
learninq situ.itii)n. nt)es the student read braille? To w hat extein does 
the- student possess psychonn)tor skills? Hoes the student possess any 
visu.il menu)rvr' iNext the center would ascertain the characteristics ot 
the science ci)urse. Do the students Lise iuIl rocomputers.-' Oo they 
ha\e WL-eklv lab activities? To what extein are visual media used in 

class.^ ... 

Oiice the center had ev.iluated a particul.ir situation, it would i;ive 
the tL-acher Specific suggestions for coping. The response might indi- 
cate where the text and related literature could be obtained in an 
.,ppr<)[>riate form such as in braille, oil tape, (jr ill large print: Curric- 
ula and instructional guides with information oh modifying regular 
liistrucricinal strategies or on alternative s' r.regies could be ideiititied 
and pt rhaps lent to the teacher: The t enter might also identity a 
visually impaired person who had already taken pliysics and would be 
willing ur provide ideas to the teacher .tiid Student, if the use ot a light 
sensor or other special device were deemed appropriate tor Ccmdoct- 
iiiL; lab activities the center wouL' i^.m the device to the school tor the 
siudeht t() Use Liuring the cotiisc 

Hv ser\ ing .is a lending .igeiuy. a center could save- schools trom 
having to invest nu)!iL-y in resources that receive limited ^ise. I'or 
exaini^le, a school ini-lit enroll only one blind student in the physics 
course m :( len-ve.ir prrii)d. T hus, it would not be economically teasi- 
hle for the sciidol to ptirchase speciall/ed items. It should be noted 
[hat this lending aspeCt Woukl not duplicate ser\'ices .ilready .iv.iilab'.e 
through other .igencies siicli as state libr.iries for the pliysically haiuii- 
capped. 

Centers would be staffed by persons with expertise in science educa- 
tion and m the reaching of students with h.mdicaps. The st.itt would 
LoiHinually seek pertiiieiu inform:it!on and compile ii in a usable lorm 
[or sLiente te.iclieis The LciHers Would maintain .1 current inventory 
ot resources unique to teaching scieiKc to handicapped students. 

A n.itionai effort must be made to develop a systeill to assist every 
science teacher: Tlie ultimate solution to the 'problem ot pi'oviding 
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(quality science education t() liandicappcd students lies witlliil tlle cnil- 
fihes {)l tlie class r(iv)m. Sciehce-teacluiii; crisis centers could ser,\'e as a 
source oF immediLite help to teachers and would make science classes 
fully accessible to students with handicaps. Since most science teachers 
do nc)t regularly have handicappeci students in their classes, we must 
have information and resource ce liters that can respcnui effectively tt) 
the heeds of individual teachers, students, arid schools> 



Do We Make Science Available for Women? 



Jane Butter Kahle 
Purdue University 
West Lafayette, Indiana 

Today women comprise approximately 50 percent of the work 
force, yet only 6 percent are employed as scientists and engineers. 
Explanati()ns for the dearth uf women in science have ranged from 
differences in spatial abilities due to a sex-linked gene (4| to differ- 
ences in early childhood toys arid games. | 3J However, analyses ()f the 
recent National Assessment of Educational Progress (NAEP) survey 
of science rev'eai startling inequities in the classroom science expe- 
riences of b()ys and girls; This extensive survey of 9-, 1 3-, and i 7-year 
olds shows both negative attitudes and lower achievement levels for 
girls. For example, ori the average, females score between 1.6 Lind 2.5 
percentage points below the national meari at each age level. (7 j Their 
responses to items concerning opinions about science classes and feel- 
ings toward science as a career are consistently negative. [8 | Thirteen- 
year-old arid, especially, I ""-year-old girls respond that the content of 
science is "facts to merrioi ize" arid describe science classes as being not 
"fun" but "boring," Although 9-year-old girls resporid that scierice 
does not make them feel "successful," most of their feelings are posi- 
tive and comparable to those of 9:year-old boys. However, by ages 1.^ 
arid 17, they state that not jnly does science fail to instill feelings of 
"corifiderice," "success," or "curiosity," but it also makes them feel 
"stupid." 

Lower achievement levels and poor attitudes are explained wheri 
one probes the NAEP data more deeply, for this national survey 
indicates inequirics within the science classroom. Although differ- 
ences betweeri boys arid girls in science achievement are not apparent 
Liritil age 13, differerices iri scierice experierices are documented as 
early as age 9. Briefly, by age 9, girls record sigriificaritly fewer oppor- 
tunities to work with science materials and instruments, to observe 
natural phenomena, and to participate in extracurricular science activ- 
ities iri spite of their desire to do so: 

Although their reported (ipporturiitic.s increase between elemen- 
tary and middle school, at age 17, or wheri they graduate frorri sec- 
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(HKhirv school; girls have IkuI s!L;nlhcantly Fewer opportunities to 
expefimeilt with iHa^nets, electricity; heat, st>lar energy, and erosion. 
Furthermore, there is a clear UiFFerence in girhs^ participation in tradi- 
tionally feminine tasks as compared to their participation in tradition- 
ally masculine tasks. Although secondary school girls rept)rt lar tewer 
experiences with electrical or mechanical tasks than the iiutional aver- 
age, the numbers ot times tlicy report having cared h>r an unhealthy 
plant or animal exceed the iiational average: f-urtlicrmore, females 
range from 1 percent to 7 .(^ percein below the iiati(jiial mean on 
activities such as watching science shows oh televisi()ii; readiiig boOks, 
iliagazines, and news{^aper articles about science; and working on 
science projects or liobbies: In addition, although girls indicaa* an 
interest in taking a variety ot Scieiice related lield trips; fewer girls 
than boys do so in reality. 

Struiciiics 

Studies by gender have n()t fcuind significant difFcrences in aptitude 
or ability between p»readolesccnt and adolescent boys and girls: |3| 
However, according to Maccoby and Jackliri's analyses | 6 j, the average 
score of a group of males is slightly higher than that of a groun of 
females vm tests measuring spatial visualization. Within science- 
classes, laboratory and de^ni)nstrarion activities that provide spatial 
e*xperiences might enhance the spatial abilities ()f adolescent females. 
As Treagust points out | 11 |, "A student with poorly de\ eloped spatial 
abilities should not be taught primarily by verbal means." \u additi(jn, 
laboratorv groups must l>c carefully structured so that girls actually 
work with science apparatus; Teachers can pair hoys with boys, and 
iMrls with girls, during scieiue experiiiients and recruit Females to do 
science demonstrations. Ciirls hnist be actively eiicouraged to do 
science projects, join science clubs, and take scieiiCe Held trips, hi 
addition, girls must be tirged to enroll in mechanical drawing, indus- 
trial education, and other cocnses that have activities designed to 
develop spatial abilities. Finally, science teachers as well as counselors 
must Insist that girls enroll in matheniatics and physical science 
courses. 

Science experiences For girls can be supplemented by increasing the 
number experiences available in general. On the average, only 17 
minutes per day is sperit ()n science in the lower elementary school, 
while in upper elementary scho()l, that time increases to only 28 
minutes per .day. | Lack oF sufficient opportUiiity f()r science is a 
widespread problem. In the United States, only one sixth of all sch()oi 
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discriccs require more than one year oF science for Ljr.ulLiacion. |9| To 
insure aJeqiiace science cdticacion tor all; schools nuisc increase the 
cime aiiocced co science, states miist increase tiu* L;radliation reqliire- 
ilients in scic*nce, and colleijes aiul Liili\'ersities iiiiist raise tl1e eiuraiice 
r eq Li i r e hi e ii t s in s c i e h c e. 

Science teachers, as well as scln)ol counselors and administrators, 
-^lusf ^Liard against tinconsciocis bias in their presentation of science 
courses and careers and in their schedLilin^ of science classes. For 
example, physics courses should iK)t be scheduled in conflict with 
honors lin^lish or advanced French. The writtc*n and verbal use of 
nonsexist language in the classr()t)m as well as in the text and other 
instructional materials is critical: Furthermore; the contributions of 
W()men must be portrayed serioiisly in narrative as well as ilUistrative 
niaterial. The tokeil iriclusioii of women photographed in lab coats is 
inadequate; their real contributions must be discussed. Research indi- 
cates that the sex-role stereotyping of science as a masculine endeaN'or 
is one of the jnost powerful deterrents to adolescent girls' enrolling 
and excelling. in science courses. | 12,2| If the repeated message from 
teacher aiul text is that scientists are males, then adolescent girls, 
unsure of their femininity, will shy away from science or, if enrolled, 
may perform poorly. 

Since only 2-i percent of secondary science teachers arc women, 
girls have few role motlels in science. Both the National Science 
Foundation | 10| and the Aniericari Association of Physics Teachers 
I 1 ) ha\'e developed Hlms and slide/tape presentations on women in 
science. These sli :ld be included in the science curriculimi. In addi- 
tion, imiversities > ii as Stanford University and Massa'"husctts Insti- 
tute of Technolog uive successlully used Lnulergraduare women in 
science arid engine^ ng t() recruit high school girls into these fields. 

Perhaps the mos: f fective role models for girls are women or girls 
just a few stages ahc ! of those in a certain group. Ciirls might form 
science clubs at both r elementary and junior high le\'cls to encour- 
age those in the lowc grades; Social perceptions of [ic.-epfancc and 
"belonging" Cnuld be stered, antl the negative attitudes developed 
between ages 9 arid I light be ariieliorated. Diiririg the early high 
sciiool years, girls shoi., 1 have the opportunity to speak with both 
collegiate imdergraduate and graduate women in science as well as 
professional female scientists and engineers; 

We CLin ill li fiord to allow girls to receive sec()nd-rate edLication in 
science. The inajority of our students enroll in fewer scierice courses, 
perform fewer science acti\'ities, achieve at Iciwer levels in science 
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classes. uiulcrstahLi science less wcH; and h .vc negative attitikies about 
the role of science in their lives and in scicty. Wc Americans ainnot 
develop a lar^e pool o( skilled tecHriiciai.:^ scientists, and engineers 
unless wc overcome the discrepancies in science education tor girls: 

The strategies suggested to meet the recommended action can occur 
in every sciehce classroom. Perhaps conscious efforts will be needled in 
the beginning, but as students, teachers. Cv)unsclors, and administra- 
tors practice ^them. these strategies will become routine. The public's 
rea)gniti()n of inequities in science classrooms and the implementa- 
tion of remedial instructional and curricular strategies are critical hrst 
steps in developing an adequate pool oF scientists and technicians. 



Referehce.s 

1. Anicriuih Association of Physics Teachers. hi Science. Stony Brook; 

N Y : State rnivcrslty of New Vort:. American Association ot Physics Teachers. 

1. Iwitwhistle, N.. and t). Duckworth. "Choice of Science Courses in Secondary 
Sch<)ols: Trends and lixplanations." Siuciw^ tti Saeficc l'^^- 

V HardinJ., and C.J. Dede. ' Discrimihation a>;ainst Women in Science Hducation." 
'iFc Sdcricc rcachcr 40:1H-2I, l'>7H. 

i. Head, 1. 'Pcfsonality and the Pursuit of Science. ' Sluciic^ hi Sc icm c HmMimi 6; 

y Linn. M. "Differ;:nces in Spatiai Abihty; Meta-Analysis." Paper presented at 
Purdiie Uhiversiiy; November l'')S2. 

n; Maccoby, F^.M.. a.id C.N. jacklin. 77u' P^jchn/o^- n/ Sex Vyiffcrcnccs. Stanford. 
Calif: Stanford University Press, 1974. 

7 National Assessment of fMucational I^roj^ress. _.Vmv;.v Achict cmcnt hi thc^ 
ScMnh (Science Report No. ()8-S^() 1 ). Denver. Colo.: liducational Commission at 
tire States. 1978. - -_ 

H Airttudcs toward SVK'nlc: A Suwrfurj oj_ Reudts from ihc 197h-77 

' :<unoyla^A^-^nncu^afSac'nre, (Nil- 09^MA:01). Denver, Colo:: National Insti- 
rute of Hducation. 1979. 

National Science I^oundation. ^.iil^iic lUucMinti IXiuhnnl (Si: SO \ ). Washin^- 
t()ii, ; Nan()iial Science houiidati()n,.19S(^- 

AJVu icyNcyii (NSi- PRS2-^1). VX'ashiiiMton, irC.i National Science Poundation, 

V'Hl. 

1 l; Tiea;;usi. D i^ "( »end(T-Rciated i)lffurences of Adolescents in Spaiial RejMescn' 

rational ThoiiKhi .^^'""'^ W /vt'*^''''''^' Scicucc TLuchtni: 17:91-07. p;S(). 
\1 Vockell I-l and S: l:ob()ne. ''Sex-Ri)le Sterc()typini^.by tllgh Sch(M)l l einales in 

Science - ^/.;7;../W Uc.cjrch ui_Sc!cUic IWchhi^ 18:209-219. i9Sl. 

1. \X/eiss. I.R, Ucpnri of ihc /O?*;' Sjltofijll S/irrcy Science. MMhcm.ittc ^. .tnd 

Snaal Siiuiics laucuiinVi (SI! 78-:'2 . WashiiiKton. D.C.: National Science Founda- 

ti(iii. 1978; 



46 



Do We Link School Science 
With Industrial Resources? 



Lyiiii W. Glass 

Iowa State University 

Ames, Iowa 

Businesses and industries are the primary beneficiaries of the skills 
and abilities of our science graduates, while the population at large is 
the primary beneficiary of the goods and services from businesses and 
industries. This close interrelationship strongly suggests that the 
science curriculum should meet the heeds of persons who daily rhust 
confront issues and problems in a highly scientific and technological 
society. Now is the time for us science educators to begin a dialogue 
with persons in businesses and industries: 

An examination of the literature quickly makes it apparent that 
businesses arid iridustries warit to be partners with education— arid 
without strings attached. Weaver, a mariager with Gerieral Motors 
Corporation, stated: "... [Eiducation can legitimately expect industry 
to hel]^ insure the high qaaiity of its mission with financial aid where 
it is available, with professional expertise where it is helpful, with 
cooperative job oppdrturiities, iriteriiships, arid other work expel ierice 
[51 Dayton 1 2 J, chairman of the Daytdri-Hudsoji Cbrporatibri, 
Honicky [4], a director at American Telephone and Telegraph, and 
Cooke [ 1 ], vice-chairman of the Economic Development Council have 
echoed Weaver's statement in their calls for basiness-indnstry-educa- 
tibji cooperacibri. 

The types of bus ihess-i rid us trial-high schobl scierice educatibri co- 
operation can be grouped into five broad categories: personnel; equip- 
ment and materials; facilities; employment; and finances. [3] This 
discussion will focus on one area that can make the most immediate 
iriipact bri the scierice curriculuril: eriiplbyment of teachers by busi- 
nesses and iridustries. 

Employment of teachers in business or industry can be beneficial to 
both employee and employer. [6] The employed teacher learns about 
an industrial process and the nature of an industrial or business career. 
Laboratbry arid classrbcm lessbns are givenlvdlmension that cannot 
be obtained frbrri a textbook or college preparatibri. Learriirig becorries 
rrieanirigful when abstract concepts are applied to real processes. 
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NiorcovLT, cItc career climcn>i<)n bccoiiics hnicli iHorc mcanmt^Uil and 
realistic when one walks in the shoes oF a person who has clioseh tlle 
selected field as a career: Hniployers also benefit. Ciarefully selected 
and appropriately placed teachers can make a contribution to a profit- 
making organization. 

\VoLild [his be a step toward the solUtitih (if ()Ur crisis in science 
ediicacioni' Tlic answer is v^-s. Ac present there is very little commUhi- 
catk)n ()r C(H)peration be « i persons in business and industry arid 
those in science education. Neither group knows the nature or re- 
quirements of the other ^roiip. Yet each t;roup is highly dependent 
upon the other\s product. Tor years, successful V()cati(jnal education 
prot;rams have used advisory committees partially composed ()f mem- 
bers fnmi business and industry to determine i;o;\is and objectives and 
the means to obtain them. Ciioperative planning between voca-.ionai 
educators and persims from business and industry has been profitable 
for both groups. Vocational educators have been able t() design pro- 
grams rliat Focus on the development of contemporary w()rk skills and 
habits. They al.so have enjoyed the suppt)rt t>f the business and indus- 
trial community as well as the comnuinity ai large. On rhe other hand, 
business and industry have benefited greatly by preparing a pool ()f 
graduates to enter the work force. We in science education, however, 
have not Fared so well; our graduates are unable to apply ctincepts and 
skills learned in the science classroom tt) their daily lives. 

In Britain, several well-thought-otit chemistry prt)grams, developed 
around a business-industry-education linkage, allow chemistry teachers 
to work part-time in the chemical jridustry. The teachers then incor- 
porate into their chemistry curriculum examples reflecting the indus- 
trial uses (if chemical processes. A large-scale effort to cohibine the 
best features ()f the v()cati()nai education advisory board model and the 
British model would be a significant step toward solving the U.S. 
crisis in science edLicati()n. 

Selecting a few outstanding science teachers in every community to 
work in a local business or industry ct^tuld accomplish soiiie auspicious 
results: 

• the work experietice would provide the basis to modify the con- 
tent and activities in the science curriculum 

• the revised curriculum would reflect identifiable ap|:>iicati()ns of 
science in local businesses and industries 

• graduates of such a revised curriculum would be in a p()siti()h t() 
relate science to the philosophy that says "through science to better 
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• sCLuicncs would bcccc-r understand How scTciUc is used in rheir 
world 

Similarly, persons in businesses and industries would learn first- 
iiand ()f the problems facing science education. Most representatives 
of businesses and indlistries are wiiiin^ to coopcracc with educators in 
seeking solutions to piroblems faced in ediication. As has been demon- 
strated in vocational education ';t)operative p>lannirig of goals and the 
means to reach those goals results in a broad base of community 
Slip port fur tiic program: Science education has not enjoyed this type 
of support, since nit)St members of the community; many of whom are 
our graduates, do hot know what we are attempting to accomplish: 

The projected cost of this kind of solution to oiir crisis In science 
education is another attractive Feature of the p)rc)posed program in 
these times of declining financial resources because there would be no 
cost to taxpayers. The teachers selected to participate in this program 
would be f>aid by the participating businesses and industries: With 
additional ernplovment, the gross yearly income of participating teach- 
ers wt)uld rise. The increased income, coupled with the responsibility 
and recognition associated with currrcuUim development, should Help 
school districts attract and retain outstanding teachers of science. 

With curricula attuned to the uses of science, a broad base of com- 
munity understanding and support, arid science teachers' receiving 
recognition and salaries commensurate with their training, we can 
anticipate some real solutions to many t)F the problems that have led 
to our present crisis in science education: Ultimately, our purpose in 
such an approach to teaching science is to have sttidcnts experience 
science as a viable Human endeavor. They will See science as a means 
to imderstand the world about them and a means to enhance the 
quahty of iile for everyone. 
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Do We Link School Science With 
Local Community Resources? 



Charles Coble 

East Caroiina llniversity 

Greendlle, North 6arbHna 

Sandy Shugart 

Office of the Governor 

Ralesgh, North Carolina 

As federal resources have been sharply curtailed in recent years^ the 
responsibility for developing initiatives ir. science education has been 
left to state and local gbverhrrierits. Many are calling for renewed 
sppporc from the federal government and for irrirnediate respbrises 
from the states, both of which may be necessary. But care musr be 
taken to avoid a short-lived, crisis response. There is a growing per- 
ception that sblutibhs to rriany of the problems in science and mathe- 
matics education and the resources for irriplerrienting these solutions 
can best be found at the Tocal level. What is needed is ah approach 
which will involve a broad spectrum of community leadership to 
rribbilize local concern, develop significant understanding of the issues^ 
and identify local solutions and resources to address the particular 
needs of science education prbgrarris. 

Based on some initial experiments in North Carolina, our proposal 
for development of locally based science educatibri improvement proj- 
ects involves the cooperative efforts of local schools, area colleges and 
universities, local government, businesses and industry, and other 
comrriunity groups. 

The objectives bf locally based programs for improvement would be 

a. to work with existing community resources, including political, 
business, scientific, and civic organizations, in the continued as!jess- 
ment and irriprbvemerit bf science and mathematics education pro- 
grams in local schools 

b. to implement specific prograrris tb improve teaching in these 
subjects, increase student enrollment and perfbrrriahce, link the cur- 
riculum and learning experiences to local resources and needs, arid 
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prDvide adcqnatc instractional and labcirutory resources for excellent 
science and mathematics edUcaticin 

c. to rriaintain interaction between scientists, physicians, and engi- 
neers on the one hand and teachers and students on the other 

d. to stimulate teachers, principals, superintendents; school boards, 
und parents to support an expanded role for science and mathematics 
learning experiences for studerlts in grades K-I2 

A locally based im prove rrient project would involve both public and 
private sector efforts to improve the quality of science and mathemat- 
ics education. For each school system, a local resource team would be 
assembled, consisting of schcK)! administrutcirs, local business execu- 
tives, teachers, scientists and engineers, physicians, parents, arid col- 
lege or university personnel. These teams would 

I. assess the quality of the science and mathematics education, 
programs 

2: define specific problems that could be addressed 
3. develop strategies to stilve these problerris 

4: identify the human and material resources that they could rriobi- 
\ lize to solve these problerris 
These resource teams should function on an ongoing basis; 

Local improvement proieccs in science in no way foreclose the 
irivolverrierit of state arid federal gqverrirrierit iri curriculurii deveiop- 
merit and program improvement. In fact, an essential by-product of 
the local efforts is the kind of broad-based consensus and politicai 
support necessary to sustain the states' and federal agencies' legiti- 
mate efforts. Through the National Institute (jf Education, the U.S. 
■ Department of Educaticm, or the National Science Foundation, for 
example, the federal goverriiiierit riiight resUme corn pet itive fu riding 
of local iriitiativcs in sciericc education. It could establish procedures 
similar to the National Diffusion Network for certifying their effec- 
tiveness, and disseminate information about effective programs by 
sponsoring on-site visitations and institutes. States might coritfibute 
by networking the local programs and Us i rig the iri to p»ro vide irifbrriia- 
tiori for state policyrriakirig iri science arid rnathemacics education. 

There is evidence that local business and community leaders-are 
ready to form the partnerships necessary to take on some of the 
problems associated with improving science and mathematics educa- 
ti()n. They recognize the need for cmpkiyees who not only have better 
tec h n i ca 1 skills in sci e ri ce a nd rii a t lie rii a t i cs , b u t w ho a 1 s o h a ve t h e 
ability to adapt and learn c ri the job. They are also reawakening to the 
fact that investment in human potential, in the form of support for 
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public educiuion; is ultimately in thcir_()wn best interest: There is a 
growing awareness that the quality of science anei mathematics in- 
struction at alljevelsol education is linked to the benefits of economic 

and technological i^rowth: | S| _ _ 

The issues associated with the heed to impnive science and mathe- 
matics education are.becoming well defined, | 1 | Initial responses to 
these issues are already underway. | 2 | What is n^reded now is a mech- 
anism to channel this interest into specific, prtKUCtive improvement 
programs am/ a long-term, sustained commitment, ratlier than a 
short-lived crisis response. We propose the development of locally 
based improvement projects as a means for developing both imme- 
diate strategies for improvement and the broad conipiunity consensus 
required for a sustained commitment to excellence in science edu- 
cation. 
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Do We Link School Science Witli 
Nonschool Constituents? 

WiUiaiTi C. Ritz 
California State University 
Long Beach, California 

There is ah atlvertisirii,* message on television almost df\\\y that 
urges people to "reach out/' Science educators need to take that mes- 
sage to heart. In recent years, we seem to have failed to do so; We 
haven't reached out to parents and other members of the community, 
and they seem mn to realize hc)w serious the current problems of 
science education are. We haven't reached out sufficiently to the non- 
" science student, and an important result of that failure is that too little 
science is understood by people who will need it later in their lives; 
And we haven't succeeded in reaching out to icgisiators a: local, state, 
and national levels to inform them about the imp(jrtahce ()f basic 
science education. Inadequate support for science education can oftt-^n 
be traced to this lack of communication. 

Reaching out to our various constituencies could be the most im- 
portant thing scil^nce educators need to do if things are ever going to 
get better. For wit\()Ut«a strong base of support, school science pro- 
grarris at ill levels could cqritiriue to erode in the years ahead. Each of 
us can, however, make a difference if we act now. 

The prc'Cess involves working with people — p'.?ople of all types and 
ager; it begins with the recognition that most people really do like 
science. They might not like what some science courses have become, 
or they rhight riot like sorrie of the "products" of science, but they 
really do like science I The evidence is there, right in front of us, if we 
will only recognize it. 

Item: Sale's of "pijpular" science magazines are at an all-time high, 
as is the number of such journals now available; In two years, for 
example, the circulatrori of Discover magaziri.e has grbwri to 835,000; 
its piublishers claim -that it is "still growing rapidly." 

Item: Attendance at science-oriented museums, exhibitions, and 
centers; has never; been higher. 

Item: Television programs such as NOVA, Cosmos] the National 
Geographic Specials, _^arid T/^t* Undersea W()rld of JaUfues CoUsteuu all 
cbritiriiie to receive high viewer ratings. 



Certainly, the evidence from these informal sources of .learning is 
clear: Americans are interested in science: We must capitalize oh that 
interest, because it can help us to get sch()ol-ba!:ed science moving 
again: 

Where do we begin:^ One starting point might be xo take a close 
look at what makes science special t() those who read science rnaga- 
zines, attend science museums, and watch scientific television pro- 
grams. When we do, elements such as the following stand out; 

• The topics dealt with are ones to wHicH people can ciisily relate; 
even if some of the topics seem esoteric at first, they ultimately have 
meaning for the individual: 

• Science, technology, arid other areas of knowledge are shown to 
be interrelated; in popularized scicrice few, if any, artificial boundaries 

exist: . . 

• Content is handled in interesting, fun-oriented ways; even seem- 
ingly difficult coritent is made understandable. 

• Strong emphasis is placed on communicating effectively with the 
viewer/ reader/learner; concepts are explained through clear illustra- 
tlt)ris ()r engaging experiences. 

© Cioritroversial issues are not avoided, perhaps because they seem 
inherently iritercstirig to jK-ople: . 

• The Imanswered questions of science serve as central points of 
inquiry; science is not presented as a set ()f conclusions blit as a 
continuing process of discovery. ... 

• ;The human aspects of science and scientific research are highlight- 
ed honestly; the trend is away frt)m Hollywood's stereotypical scieri- 
tist (a white-coated, pipe-srilt)king male who alwi:>^ thinks rationally) 
and tovyard a realistic represeritatioa Scientists come from all groups™ 
in society; ..... 

• A person doesn't have to b^e a "genius" in order to enjoy, appre- 
ciate, aind learri ab()Ut science; The Exploratorium science ceriter in 
San Francisco, for exaiiiple, seems to have something for just about 
everybody. This does not riieaii.fhat the content is watered down- 
typically, the content stretches the capabilities of the learner. ^ 

What'can science educators learn from all this? How can we build a 
wider arid str()nger constituenc7 for science? The ariswers can be 
summed up in thc^^ phrase which the telephone people have so success-. 
- fully employed: ''Reach out, arid touch someone!" Each of us must take 
that phrase to heart by actively reaching^ out; a strong base of com- 
munity support for science will not simply build itself: - 

This base is composed of several, equally impbrtarit constituencies: 
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Pun fU^DiJ ror C-jnnmunity, inL-liuliiii; bc-ards of ctlucatioh, busi- 
ness anU industry, and tliL- media; Think abouT the- power that parents 
can wieldl What it a hiru'.- ivinibLT i)f parents in a community began to 
press tor more and better scieiice? NX'hat it key business/ indiistry 
i;r()[ips in an area began to lobby intensively on behalt Ot scieiicey 
VX'hat could their stipport mean to the science program^ 

SvrJcnis. After all, they jre our clients. However, beyond required 
courses, they will enroll in science only if teachers work to attract 
them. The quality of school science dcrcrmines in large part how 
strongly stULlen's will ^^ipport it. Remenlhei, uk), that today's students 
arc tomorrow' s [^areius, business leader.s, aii^l legi.slatcirs. 

Lcii'n'lM'jn. Legislation strongly suf^portive of scieiUe education 
does not ai:^uv of its ou n accord. (:ertainly, we all know that We ileed 
the support of legislators at all le^'els of government. Hut we can only 
U.iin it " and rheir conf idetue— by tnakmg a commitment to work tor 
it. 

Souscityuc (}jllcji:/n-^, both teachers and adninusu-arors. They arc 
a constitueiKv much larger th-n we are— aild their strong supj^ort for 
science would lielp ent^rmously. To gain it, we will need to show' them 
how scieilCe CtHitribtitcs to each area of the curriculum and how it 
enhances the t()tal educaticin ot students. 

Or/ycr Sticyicc Tcuchers. There can be nt> .loubt that we need t)ne 
another's full support during these challenging times. That support 
can take many different forms. 

Clearly, science needs the support (if each of these groups; Here are 
some ideas that can help us to earn the backing ()f each oi these 
CoJistitncncics; 

. \Y7)rk 'n2ii ii ith Parcyitx umi Commrniity Groups 

A gcn)d deal of our responsibility here lies in providing helpful and 
reliable information. Parents and others need to know Jiow important 
science is and, will be f(ir their children: They should be reminded of 

*the urgent need in science courses for lab activity and field mps. 
intercstingiy, when adults are asked what they remember best frcMn 
their SchO()l science, tlieir most frequent recollections are of lab activi- 
ties and field trips. 

Parents also need to hear abotit tlie good things that happen in 
science classr(H)ms. While some of thii information sharing can be 
accomj^Ushed through traditional "Parents' Night" programs, other 
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nlcciiaillshis ;ils() heed to Ik* explored. Oil'e ^(."llonl iiivited fathers to 
speiui a lial!-' day in scliool u itli tjieir schi tir daii^luei'. This .ipproacli 
permitted Fachers to particij^ate in science and otlier activities aloni;- 
side their children. The results oF this [M'oi^rani were \ ery (Positive, For 
b()tii the sciiO(>i and tlic parents: 

As ue hlt)\e liicreaSirli^iy into a rievv type ot teclHiol()i;ical aL;e, 
business arid in\lustry are heconiini; more and more aware ot tli<.* need 
For strong scliool science prcvqrams. We need to reacli out to tliese 
f;roups by pro\'i(.iin^ inForni.ition, and niakini; our nee«.ls known. They 
can help by lobbying on bchait oF more and better science; by provid- 
iiiq Financial cm* hiaterial suppc)rt. by ilia king hui1lan reScuirces avail- 
able, and by supply irig inlormacicMi about careers. 

RiJihini; Oat to Stinlvnts 

We need to assess \ ery carelully u'liat we «.io in th.e name ol science 
ni our cia>sroonis. We need to popularize science without diluuni; ii. 
(iood science is anytliing but boring. It's an exciting and entert aimng 
enterprise tc) wiiicli niillicwis oF scientists anci science teachers clexote 
rheJj^'>r()Fessiona! careers. Our classrooms haVe tc) rec..;^ture that joy 
and enthusiasm. 

Thi.s is certainly not the [^lace to try to list all the things that could 
be bet re r in science classrooms. Howe\'er, those pof^ular science maga- 
;^ineS, televisitHi slious. and niuseums dt) suggest seveial a\enues 
wt>rth pursuing. # 

We need to re hue science more closely to tlie thing.s important to 
students. Shoidd.not biology courses Focus more ori human beings and 
bioscie'u e concerns and issues.-" Issues such as genetic engineering, the 
inheritance (tF luiman genetic deFects; and htiman medical cxpcrimen- 
tanon are inherently interesting to young people; tlley sll()uld not be 
M^nored in the cl issrooni. NX'ould not the study ot Forces and \'ectors be 
more interesting iF it uere dealt u ith in the context oF a real luim.m 
problem such as the use nonuse oF automobile seat belts? In chemis- 
try. \vh\ fiot place more einfihasis on topics relating to basic en\'iron- 
menta 1 C( )ncerns.'' 

We need to treat science a.s a .series oF as-yet-unarisu'ered cj^Uestions 
about the Lini\erse. Ti)0 oFten. present curricula seem to suggest that 
cvcrvtliing is already kiuiwn, and that all students need to do is mem- 
orize a b()dy oF Facts: Studenrs must be led to realize that what chcy 
learn is IielpFul in (irganizirig iilForillation. l^lit that all kilo\\'ledge is 
rentati\e^Heing continually subjected to testing arid re\'ision. Wheri 
scientists memorize inFormation. they do so in order to rest other. 
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scill-unanswcrL\l questions. Mcmorizacioii is J vehicle, ratlicr than ;in 
end in icsciF. Classroom teachers neeil to make that Llistincti(ifi cleai;. 

We need to f?inp}Kisize science process and manipuhitivc skills 
wliich can help students after they leave scliool; Better observers make 
better citizens, better pllysiciahis, better autonK^bile mechanics; and 
better parents. Science skills also help students to beconie bet ter deci- 
sion makers, and society never exhausts its need for people skilled in 
niakin_t; decisions: 

VC e heed to loUCh oUr students at the hcuiian le\el. TJie research 
n[erature I • es little lioubt that this is vital: Students do i)cttcr when 
they know (h.it you care. Which teachers d() you renieniher best, and 
how did they influence you with rei;ard to their subjecis.-^ 

Rl\u 'I>i}i;<: Out to J.L [:isL{t(yrs 

I.eL;islatofS must write and \'()tc on a variety of let;islative issues. 
> ; me times tlieii' uiiLlerstahdin^L; of iIk- CtHiceriis of science and science 
education can be incomplete. The story, probably a pocryphal. that: one 
state ie^t^isiature passed a bill iV) chan;^e r!ie value ot pi to --.()() iii (jrder 
to simplify computations dlustrates the point: I.ei;islators neeil a bet- 
ter uiiderstan(.lin^t; ()f the pr()blems anil issues of ience aiul science 
education. The efforts of science educators t() i; :m those in public 
office about science-=^throui;h corre.sp()iuience V)V telephone C()iuact — 
are im[^ortant. Vn some cases, these efforts to intorm caii be crucial. 

Rcjihin;^ Out tn ()n)\K(y}isdcyiLc Coilt\r{i'ncs 

[[ is esseiuial tliat science teacliers uain the support of school 
administr.itors at all le\els. as well as tiiat of (,rher school personnel 
not directlv in\()lveLl with science. "Reaching (Hit" to administrators 
primarily means keeping them informed— iiiformeLl ab^uit the role of 
science in the total curriculum, about the needs of a gooil science 
rr.-;;\nr.. nul about what science courses can and cannot accomplish. 
Administrators to whom we demoiistrace the value of new teaching/ 
learning materials, texts, or equipmenr .ire more likely to be support- 
ive. The research is very clear; l:Ffecti\ e principals Help teachers and 
programs improve. \Ve can help principals to become more effective 
by keeping them informed about the things that are important in 
science education. 

Among the other school personnel ncjt directly involved with sci- 
ence, perhaps none is more important than the guidance counselor. By 
virtue of their unique position, counselors strongly influence students. 
We need t() work with guidance personnel to keep them better 
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mformed about science, science iristrLictiori, arid scierice career oppor- 
tunities: This is a potent constituency which we have to enlist on our 
side. 

(Cooperation with teachers of cither subjects is also esseini.il. They 
need to understand what scierice coursjs are about, and we heed to 
dcvciop ways of collaboratint; with theni to m ' - the total education 
of students more efficient and effective: Some teachers seem to believe 
that their subject is the most importanr, and science tcaclicrs can be as 
i;uilt\- as ariy of this misconception. Reach lOt; out tc) other teachers 
invohes communicatini; with them about a \ ariety ot issiies, including 
ways to coordinate curricular goals. There is a great need to make 
studies in one subject produce p{)sitive impacts in other subject areas 
as well. this is in the best interest of ()ur students; 

Rcuiihinii Ora to Othvr Science Teachers 

It always has been inriportarit for sciehce teachers to reach cnit to 
one another, and organizations such as NSTA play a pivotal rc)le in 
making that possible: But in times such as these, it is even more 
irriportarit for us to maintain strong ties: Hach of us has worrhwhile 
ideas for making what we teach niore meaningful, but far too many of 
those ideas are lost because we fail to share them with cx)Ileagues: 

Moreover, in these challenging times, none of us is ihiiinine to the 
maladv c:died "teacher burnout.** One condition fost^^-ring that malady 
is the isolation that each cif us senses at times. We have too tew 
opportunities to engage ii1 conversation with C()lleagues who share 
our dreams, our concerns, and t)ur anxieties. One Way to iKad oM a 
severe case of science teacher burnout is to remain in acti\'e contact 
with other science teachers — from other districts and schools as well 
as within ()ur own school: Reacli out and establish those contacts! 



'F'h(; suggestions offered here are quite simple. HoWcver, w;hat 
seems so simple to do is often percei\'ed as not worth doing — How 
car. -.Mmething as mundane as that help!-''* However, these very small 
tiling xhen taken togetlier, can make a big difference. We cannot 
change of education by ourselves, but can C()pe with tlie things 
within our reach. By influencing son.e little piece of the World, we can 
indeed make sorne worthwhile things happen. The problerhs of the 
1980s are complex (mcs for which no simple solutions exist. Our 
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task — yours and mine — is to clo chose things within oi r reach chat can 
help; So let's not wait; fcet's accept one or more oi these challenges, 
and help get science on the m<)ve once again! 



B PROGRAM CONCERNS 



Do We Include the Essential Aspects of Science 
In Our Definition of School Science? 

Fletcher Watson 
Hanard t niversity 
Cambridge, Massachusetts 

The ccjclici- in the chissroom is the Iniaj^c of science beh>ixr the 
pupils. Science teacliers are emissaries wlio carry the message. Tliose 
wlic) write curricula, textbooks, and the other materials of instruction 
are remote and can at best rely upon a limited personal experience 
wici. certairi schools and certain i^roups of students. They attempt tc) 
visualize pupils and places; but they Have limitations to their per- 
spectives. ; 

Therefore, it is of utniost importaiice t(j consider ^ b^ ^^^^^'^^^ 
ima^c of science. t)oes the teacher see science as an unending; sc-arch 
to create Stability in our imat^es of the world; of relations amcmi; the 
myriad, apparently discrete things and happenings in the \yorld ol 
experience; of a search for the "hidcit-n likenesses" Cvuiched in m)vel 
and abstract terms^ Or does the teacher view science as a body of 
knowledi;e, essentially complete, which is her c)r his responsibility to 
pass aloiii^ to pupils as part of their cultural heritai^er' This will govern 
the teacher^S appi-oach in tlic classroom as "convcri^ent," a closed boc)k 
filled with ■rit;ht answers '; or "divergent," a way i)\ asking and an- 
swcrinL; questions for the tiiiie being. 

.\s Munby and Russell have recently asked, will the teacher cncom- 
;i:e a view ni science that is "rational, morah and authentic"!' ' Spcciti- 
caily, will the teacher cmpliaslze tliat science I as its limitaiioiis, not 
only of observafi()nS and abstract imagery but also of cl(,main, and that 
science is only one way of reaclliilg rational views, such as those in 



}{ Miihhv inci T Russell, -'A Common Curriailum For the Natural Sciences," in 
\u::'>>:jI.Srnun/or fhc SluJy nf 1-^ucjtu»: Ycjrhnni (Clucago: Tlic Univcrs.ty oF 
(.hica^u Press; IVS^ i. p. ! »^ 
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hiscory? Alsn, some' oi lis niit^hc believe chat cHe clomairi of science 
docs not iiiclaclc many imporcanc aspects of life such as beaiicy, hope, 
and l()ve. The criteria we use for evaluiicin^ our perceptions have 
differeiit raticmales, depeiidiri^ lipoh the context. Science is only one 
of se- •T'al rationalities and is Lippiicable oiily lo certaiii coinexts, 

Similarly. Miinby and Russell consider the role of moral judgments 
in school science. VVliilc many art^tic that teach int; the interrelation- 
ship betweeii science anu s()ciety thrcuii^h technology is an essential 
obligation of the science teacher, perhaps shared with the social stud- 
ies teacher, we must ask whether the teacher is willing and able to 
consider topics that have strong moral overtones. In the development 
of the teacher: have there been opportunities for personal involve- 
ment ill d i sc Lis s ions that h.ive clear answers of "rich t" and 
' w roiig".'' 

Munby and Russell make a third point, on the authenticity of miich 
that passes as science in the classroom. When it appears occasionally, 
tiic history of science is presented briefly as a success story with little 
consideratioii of Li Iter native ccmceptuahzaticms or false leads: tlsaally 
these are imknovv ii to the teacher. 

The view of science in the classroom is created by the teacher aiid 
mirrors the views of that teacher. In general, ctjllege coiu'ses empha- 
size a narrow view for ftiture scientists. Later, one develops a broader 
view of science lis a way (sf kiiCiwing and an [inclcrstanding of the 
relations betweeri science arid sciciety. ThoSe who (Observe such a grad- 
ual development have a responsibility U) provide opportiiriities lor 
consideration of the hu'ger role ol science in the education ol all 
people (most of whom will not become scientists), 



Do We Expect Scfiool Science to Nurture ereativity? 



Paul Brahdwein 
Director of Research 
Harcourt Brace Jovahovjch, Inc. 

Stent, writing in Scte7itific Ayuerican, finds a commonaiity in the 
traits t)f artists and scientists. |9| He emphasizes that scientific state- 
ments "pertain mainly to relations between . . . public events," where- 
as artists* statements "pertain mainly to relations between private 
events of affective significance." He posits that the transmission of 
information and the perception of rneahing in that iriforrriation con- 
stitute the central content of both the arts and the sciences. A Ci'eative 
act on the part of either an artist or a scientist would mean his or Her 
formulation of a hew meaningful statement about the world, an addi- 
tion to the accumulated capital of what is sometimes called our cultur- 
al heritage. . 

In seeking hidden likenesses in the work of scientist and' artist, 
Stent defines creativity in a way that requires emphasis: The creative 
act adds new and meumngffd works to the culture. For the practices of 
schooling, the term "creativity" is ambiguous and is used variously to 
describe (a) behaviors that are beyond the hbrrri for a particular grade, 
(b) acts of inquiry that are "new" ro the activity expected of the yoUng, 
or (c) acts of discovery (the results of different acts of inquiry) which 
delight and surprise teachers and parents: In this discussion, thccr^^- 
tVve act will refer to v/orks that add new and meaningful statements to 
the culture, or works directed at securing new judgments or new 
presentations of generalizable knowledge. Indeed, Bell defines knowl- 
edge as Consisting ()f "new judgments (scholarship and research) or 
new prcseritatioris of older judgments (teaching and textbooks)." [ I [ 
Giftcdness as an attribute will refer to thor^e judged to be capable of 
such creative acts. 

Early in my work, I became interested in particular traits of scien- 
tists which seemed to characterize the scientific mode arid mariner as 
distiriguished from that of other workers, say artists, busiriessmeri, 
and others. Shortly after high school graduation, I secured employ- 
ment in the Littauer Pneuriioriia Research Laboratory: Through the 
kindness of the directors of this and, later, other laboratories, \ was 
able to pursue my undergraduate and graduate work in the sciences 
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while i ciici research in tlicsc laboratories. Having had early experience 
with artists, I was impressed with what then seemed to me; as an 
adolescent, to l>e specific differences in tlie perscmality traits of scien- 
tists and artists and :lieir approaclies to tlieir work. Wlieh I began 
teaching, 1 continued my studies, focusing on tlie traits of junior arid 
senior high school students who selected science as a career. I also 
directed attention to the kinds of programs (that is; environments) 
that might effect arid irifliaerice such career choices. I wcmdcred: W^cro 
there u7iy traits, that could he detected early, ivh\ch were necessary and 

: suffuient to the dei elopment of youngsters X'SpeciaHy sktUed in 
incfuiry and thus those who rti 't^ht hecorne scie?2tists? 

A bibliography of early papers relating to this question is found in a 
collection of papers by Brandwein, Metzner, Morholt, Roe, and Rosen; 
1^1 Metzner reports that Cooley |5|, usirig my data, "concluded 
that the : is no simple entity that may be called scioice ahi/'ity." 
H()wever; Ciooley |5 1 indicated (as Metzner substantiates) that the 
riiosr reasonable apprciach appears to be "self-idefitification with free 
flow in or out of any y^ivvn prov^rairi for the raiented; nrdhrdua! 
i:uidai2cc then plays an 'lynportant role whenever reltuhie infornuition 
hevornes aiailahle'^ (italics mine). This substantiates Braridweiri's ear- 
lier iiypothesis |f |; reaffirmed in a continuing study (3|, that '^self- 
idcntification caralyzed by a demanding instructional program permit- 
ting original experimental work \^\the ychool fahoratory'^ might play 
.1 role in Fhe development of young scieritists-to-be. Metzner, how- 
ever, is clear in his conclusions that "no sVn0e technicfue has heeVi 
deiisvd that will identify students who are i^ifted in hioToi^y, or other 
sciences, with coYrrplere accuracy or reliahiiity'^ |4j (author's italics). 
Perhaps the discussiori :o. follow amends this conclusion somewhat: 

The works of Getzells and Jackson | arid of Tcirrance | lOj indicate 
that a high levc-1 of general intelligence (as measured in the I.Q. ) does 
nor; HS'R-oe |8| also concludes, ensure creatire hehaVior. which seems 
to involve factcus other than tliose studied through tesr. ot general 
intelligence, hi fact, hir purp()Ses of identifying sdcntist.s ro-be the 

• term creatire heharior cari be replaced by "ability in effective inquiry;" 
(()n this, see also Roe. jSj) The observations of Brandwein |2,3| 
confirm many findings that three personality factors heed to be consid- 
ered in assessing the scliooling and education that nurtures scientists- 
ro-be. These three factcirs are described as "questing" (or a skeptical 
view of accepted positiims which also embodies what is generally 
called curio.sity); "persisterice" (or a degree t)f independence which 
sustains effort); as well as a "key factor" (or the eriviroririlent of 



psych()l()t;ical safety aiul ireccloni necessary for experience \n cxpcri- 
r?n'mai unrk in science provided by a teacher). True experimental 
work, vvhicli calks ftirth "questing" and "'persistence" witliin an envi- 
rorimerit of "psychoi()gical safety and freedom" can indeed be useful in 
probing the kind of knowledge "oiie is hot supposed to know:" |7] 

A spectrum of traits characteristic of "developing scientists" is de- 
scribed by Brandw'cin, Met^ner, and Roe. | 2,4,8 | Based on observa^ 
tions of lO'l schools v^ith programs for the gifted, four assumptions 
were made in the 1962 study by Brandwein cl ai. |-i i: 

1. We may assume that in those schools where the freedom to 
investigate is highly characteristic of the curriculum and teaching 
there exists a greater opportunity for students to leaf h the mcthoas 
and advantages of the investigator's life. (For "investigate," read 
"inquiry.") 

2. VVe may assume that opportunities for early identification of 
potential invcstlgacors will occur in tht)se communities where the 
schools make opportunities: for irivestigatit)n early in tht school career; 
that is, in the elementary scht)ols. 

3. We may assume that where there is a broad approach to the 
curricnlurn, th:- more favorable will be the cnvironrrierit for investi- 
gation. 

■i: We may assume that when the "patrern" of the school encour- 
ages and rewards indivictuai rcsponsibiiity for personal behavior and 
stimulates development of independent scholarship, the stimulation.-., 
of individual investigatit)ri will be greater. 

In our ct)ntiriuing effort to secure a tenable hypothesis that miglit 
shed light on the self-selection of sciehtists-to-be, we nt)te this point: 
Of a group of 62-i students who participated in the science program at 
F(^rest Hills, New York 12), 62 were selected for further observation 
as "He i.'xperi mental gniup (racing above 4 on an inventory of traits 
c.>5. xiring them to working scientists); and 62 served as controls, 
ran:' - below 3 on the inventory. The 62 cxpeririieritals and the 62 
conir y:> were matched in I.Q. and general scholastic average. 

At ' is point, some 30 years after the initial study, from still- 
\ elijrii ^ary study of those who have been followed, it appears that 22 

the experimental group of 62 have committed themselves to scicn- 
iiic rescani^s and 13 have committed to rF-^riological fields in the 
■w J of sc Tit J. Tw jlvc committed themselves to teaching .science in 
t: high schuuis: Among the 62 "controls" (tentatively selected as 
probubly iriteridirig careers other than science or technology ), 6 are in 



sc'icnnfic research. S arc iil t ceil no ltji;ical Mcills, 6 arc in teach iil^ 
sciciicc in die hii;h schw.)ls. An Luisiirprisihg biii: liseful fiiuliii^ is: Ouc 
c)F 6", 1 ha\e been able cd observe ac work ancl ct) incerview ac cHis 
{Period \n die CDnciniiinc; sciidy che 2S workint* scienciscs; and I 1 t)Lic o\ 
the iv «'/n^inecrs are people who in cheir schi^oling were persisccnr 
and alniilsc iilde Li citable iYi puryia)y^ cxpcri)yic)ytji unrk probi))}^ 
u}is(yiiL'ii prohloyi \, They used ah inquiry approach t)h die liii^liesc. 
levels. 

Tlic operation called "doing an experinicnc" invv)lved \\'t)rk in solv- 
\\v^ a probleiTi for which a souicion was vol in die hccracurc: This was 
so a tees ted b'" w'orkiii^ scientists. Further, in interviews, the 28 work- 
ing scientists were still able to recall tlieir early pleasure in piirsLM^ng 
experin^en Lil work. (This, oF course, calls upt)n abilities and traits t)f 
pcrs'Miaiity different from those required by the usual labt)ratt)ry exer- 
cise.) They also recalled the effect this had on their decision to pursue 
a scieiitific career. 

VVn instance, an experihierit as ct)hipared and ct)ritra.sted with a 
lab<)ratt)ry exercise) takes much niore time, t)Ften a year t)r mt)re. it 
calls on a constant intci'play of intciligence and nnaginatit)n, as well as 
on perstinal abilities tt) plan, quest, persist, :md endure conflict, not to 
.say failure and disct)Liragemefit. It is, thus, aii t)peratit)n in wiiich the 
young experimenter is tested nt)t t)nly Ft)r scieiitific abilities, but alst> 
For complementing persotiality traits, in additit)n, ct)nducting an 
experiment calls upon additional facilities in the sclit)t)l tjr home 
environment as well as on particular traits ()F the tcaclicr: 

Sum inury 

An envirt)nmerit conducive tt) the conduct arid ct)ii1pletit)n of at' 
least one. experiment as compared and ct)ntrasted with the usual 
laboratory exercises might well be included in curricular strategies and 
Instructi ^nal ciicrics: 

The i iter a: ire is sparse On what seems to be a special ability, a high 
level of .skill in .scientific inquiry. A sufficient h Li ill be r tjf the papers 
tend to SL'.p'port the postulates recounted here, and nt)he t)ppose diese 
ideas. Cl.i'..rly, we are obliged tt) ct)nsider the nature t)f the critical 
impact ifiencc and tec}int)jt)gy in the decades tt) ct)me. It is an 
(Obligation o5 tile schools to develop an envirt)nment tliat gives sct)pc 
ro the v'oLin^^ who would become .scientists. 
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Do We Tap the Individual Uniqueness of 
Students in Scliool Science? 



Hans d. Andersen 
Indiana University 
Biooinington, Indiana 

"But, nctnjliy, I did not teach freshmen. I niti^ht iittorneys, bankers, 
bit^ biisincssmen, physicians, sLirgeorls, 'udges, ctingre^ssitlen, gover- 
nors, writers, cditt)rs, poets, inventors, ^reat engineers, corpbratic)ri 
presidents, railroad presidents, scientists, professcjrs, deans, regents, 
and university presidents. For that is what those freshmen arc now, 
and of course they were the same: . : then." [5j 

That there are varieties c)f children, with great varieties of interests 
and ever -jz .Liter varieties of yet-tc3-be-defiried career opportunities, is 
well-estabh'shc-d. And times have changed! Jt)bs that were t)nce easy to 
find and apprcjpriate for students who had dropped out of school, 
without marh, science, or computer science skills, are now performed 
by machines. The chc)ice has bect)rne an either-tir choice: l:irher pro- 
vide people with math, science, and coinputer science skills, or sup- 
port people because they will be Lmempltjyed and, due to basic skill 
deficiencies, unemployable. 

[:iterature supporting the claims that leiirncrs vary widely and that 
instructi()n generally has a differential effect can be ft)Und in almtJst 
every issue of ail our professional journals. There are rhe left -brained, 
right- brained, factual, conceptual, intLUtive, persistent, reflect ivc% and 
impulsive learners. The many varieties of learners are, largely, taught 
by identical instructional meth.ods: As has often been predicted, this 
results in high correlations (typically abt)U{: +.70) bet\veen pre-instrlic- 
tioh aptitude scores and postihstrLiction achievement scores. When 
rhe kind, quah'ty, and quantity of instruction are varied according to 
learner needs, howe\er, almost all learners achieve mastery of rhe 
subject; (2 j 

Financial cc)nstraints might prohibit us at the nionienc from indi- 
vidually taiioriiig ihstrLictioh for each learner. However, the practical- 
ity, feasibility, necessity, and rc*al value of doing so should be mad',- 
known/Individual achievement must become our primary objective. 

The thought of providing an indi\ Irial instructional prescription 
for each child is daunting when the sc1ick)1 budget barely provides 
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' enough money tor die science textbook, wlien 55 students are placed 
in a 2-l-stMderit laboratory, wben the sobjccr the teacher is teachmt; is 
not his or her area of coiicentrati()h, aiui \vheii tlie only software for 
the classroom's sole computer is of dubious valiie. But we caiiiiot hide 
behind excuses when we know that much has already beei1 acctim- 
plished that would allow [is to provide For some, if not all, individual 
differences in most classrt\)ms. Ftir example, consider the curriculum 
materials desii;ned after hputhik, wheii we assumed that really "good 
science" — that is, science as it is practiced in the labor;itOry — wiuild be 
inherently interesting to all students. Today, many claim the pcist- 
Spiitnik curriculum reforms have failed. \>7e have discovered that 
some teachers couldn't or didn't teach science in a manner consistent 
with the curriculum philosophy. |;1 1 Further, some parents preferred 
the rhetoric of conclusion to which //u^r were subjected as ycuingsters 
and \vh\chtbi y forgot. We found that some students prefer menloriz- 
ini; to thinking, prtibably because students are not provided ample 
opportunity to practice thinking. In fact; the post>Sputnik curriculum 
efforts may actually have had considerable success: Recent studies 
report that "students who plan scientific and engineering careers are 
receiving an adeqtiate educational foundation" in spite ot the declining 
emphasis Un science and marliematics. |5| Tliis finding supports the 
claim that the alphabet curricula prcibably are excellent for students 
plannini^ science careers. Hence, the alphabet science curricula should 
nr^r be discarded, althoi',Ji tliey clearly need to be modified. We should 
ask: Have certain curricula and Instructional approaches hiciHtated 
sii^nificant scieiiCe achievement?' ("an we identify learners who have — 
and learners who have hcit— been helped by tlic curricula? Will other 
variables facilitate learning among other kiiids ()f learners? Are there 
defined problems that learners will face in life that a Kcmiwledgc of 
science will help them solve? Can ^xc prcfhnv problem solvers^ 

The answer to each of these questions is Yes! What remains is the 
task of assembling the puzzle pieces and matching the srudent to the 
approprijfr variety of instruction— the variety that begins the student 
alont; a patji of purpose and success leading to science achievement; 

Like others |6|, 1 have assumed that the science-related problems 
that fL-ople will face in life are known. I have assumed that schooling; 
(and education) should prepare learners who ha\'e the desire and 

' ability to come to i^rips with these prciblems; Ftirthcrmore, I believe 
that schooling orL;anized around student interests and the solution of 
science-related, real-life problems will facilitate jearriihg ani()ng all 
varieties of learners: Thar is w-hy 1 ari;ue for curricular variety. 
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Sonic will icarn science L..sr if tliey study science as lii story — 
iiistory oi ideas; iA people and their irquiries; and of success tiiroci);h 
'pcrs is tehee. Other s v 'ill learn science best by scudyini; the inventions 
made by :echr\ .'ovists usin^ science. (3thers will find jiatiiiistic science 
appealing. Some will be attracted to the beauty oi the natural world 
and wish to .'explore science from an aesthetic viewpoint. Others will 
need a philosophical appriKich. And scmie w ill ^ain s> i' liie Lipprecia- 
tion by relatint; science and iiiathematics. | 1 | 

There are varieties o\ learners as well as varieties oi .science curric- 
ula. Ideally, learners could be matched to curricula by interest. As Tyler 
indicated j7|; interest is the point for departure. Get learners inter- 
ested, keep tliem interested, and ntithin^ will stop them from learnini; 
die .sij;ilificaiit .science they need for .successful life In a deiiit)cratic and 
tec h n o 1 ( )i; i ca 1 .sc )C i e t y . 
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Does Science Teacher Preparation Nurttife 
Effective Seief&e teaching? 



Leon I'kens 

Towsori State University 
Tbwson!, Maryland 

Does [he [rainini^ o\ scicricx- ccacllcrs nurture cFfcaivc science 
ceachinq;' This question refer:; lun only to die irainin^ u\ die subject 
niatcer specialises \vc Find In niosc secondary scliools, but also that of 
the elenieiUary ^neneralist: Tliis trainin^^ incUicles the curriculum taken 
by preservice, arid to some extent inservicc, teachers as well as the 
curriculum they w.il be expected to teach. 

Science ou>;ht to be a favorite subject because it includes a naturally 
miKivating cicmcnr, namely, tangible materials. Yourig children pos- 
sess natural ctiriosiiy "which attracts them to tangible things, but as 
they get older tliey bec()me less motivated bv curiosity. So what 
happens to this motivatiori? Carl Sagan | 3 ) c<)mmented; "People have 
been taught that they are too dumb to understand science:" Two 
important variables the young child encounters in school are the 
teacher and the carricuiom: These two variables d to be examined, 

Prospective teachers take Ct)llege scici ^-i. and these courses 
vary considerably. According to a receiu :; u ; i: : tcacheih beaime 
turned off to science because the format . I science o)Urses kills curios- 
ity. College isn': rtic first place where su. li disaf^pointing courses are 
ericoiiritered; they are present in many prc^ . schools. 11 teaci^ers 

teacli the way they were taught, then the w'ay (lu-se college courses are 
taugiu becomes increasingly signiMcant. 

A lecture-lab fownat characterizes nearly all college science courses. 
The le(:turc precedes laboratory exercises (hM develop friHii it and 
verify it. What is geiicraiiy considered imptM'tant. in these c. ■ i ses is 
memorizing facts, plugging numbers init^ Jormulas, and writing up 
little-utiderstood laboratory reports: Seldom are students taught by 
any method resembling an inquiry-based approach, wliich would re- 
quire original thinking. The preservice teacher majoring in science 
tisually sees the inquiry method for the first timti. in a ::cieiice teaching 
n^eth()ds course— and by tliat time, it is too late! College s: ients 
t.uight this way then proceed to teacli tlieir secondary school students 
just as their professors taught them! The spirit of inquiry is missing 



because ir was never really tliscovercd. The same can He :,iici tor 
preservice ele;nentary teachers; except that chey have the additional 
problem ot 1< iiovvinl; eveii less coiuent. 

■'Memorize di is/c( impute that" is the nlessa^ne pllssed oil d()\vn ro 
precoile^i;e studeius. It is no wonder that students are hot inotivated to 
learn science and d. ) not pursue it. These circumstances have per.si^(.ed 
tor a Kuii; tiiiie. 

The curriculum projects oF the PXiOs and I'-rOs made excellent 
attempts to chan^^e tiiis. How successlul were rl-.cy? Shymansky, Kyle; 
and Alporr !' | looked at research studies reportint; the cMri i . ol 
the acnvirv >)■ cnccd, in(|uiry-'xtse(' elementar}' programs ot r.'- 
carv. School Science ' i^S^ , >..'encc CanTiculum hvnrovemenr Xiidy 
(SC-ISi ,"■! -A IVocess 'Approach (S/\PA ; in the perFor- 

.lice area.s oF s; dent achievement, attitu(.le, pro.eSS skills, related 
vr;il[>, ity. and Piai;etian tasks. They state, "Our qiiahtitat ivv 

ss ',: : ■ F the research ' learly shows that students in these pn^- 
J rams ..L^:ie^■ed ruore. hked science more and irn proved their skills 
n'oi;- ri-ian did studeius iil tradiiional, textbook-based classrooms.' 
T^: s irulv an impressive result. But niahy teachers never used these 
^■ i . urcts even in their heyda\ . and even Fewer are usihi; them nV)\\. | 1 1 

An()ther study comparint; inquiry-oriented teaching and exposirciry 
teachii\i;, with the procedures spclietl out in detail. Found that ninth 
^i^r/iders taui;lu by the inquiry niet!u)d did better tlian tlie exposirory 
uroup i;: areas oF l.Q. i;aih.s, intellect Ual devehipment gains: and 
achievement. | i | 

Tliis is where we need to start. It we can keep the natural curiosity 
oF our students alive by going i)ack to these curricula and using them 
in the way they were intended t() be used; we will be on our way to 
iinj^-oving scientiFic literacy. Sonie science educators and other con- 
cerned peonlf- chink that we cati solve the probleiii oF unprepared 
teachers simplv by increasing the number oF required science a iurses. 
Instead, we sli{)fdd I.M>k at how these courses are taught. NIore is hot 
necessarily better. increases in die number of recjuired courses 

might aggi-avate lilt, [aoblein. 

Oiie study, developed, on the learniiig <^y^'l^' niodel ol S(;IS in physi- 
cal science For preservice teachers, showed that aU. studeius ihCi-eastd 
their iiuellecttiai development, but resu'f'- varied oh attifud. s n)wai-d 
science aiid science re:ichiiig: \ (V\ This a.iii ide variation might have 
occurred bef.\.Lise this was the First cocnse oF its kind that many of 
these students had had. 

'Feachers aire, ly in the cla.^sroom preseiu yet another problem: 
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Rejliscically, rhcir mocivacion co go back co college is at least some- 
whac cicci co the poccnciai For increased salary rhar accompanies adcli- 
rional credics and degrees: Usually ic means rhcy must rake coirrsc- 
work at cHe graLluace lex-el. However, it ceacrlers' academic prepLiracion 
has been inadequace, cne rigors of advanced courses are beyond rhen1 
and probably wouldn't be very Helpful. This is especially crue for cHe 
n()nsciencc majors ncrx reacliing science. \\'!iat may be needed are 
beginning leVe! courses taught i in inqiJi;y Formac For graduate 
credit, but getting sucH course^ .. '.d by College science depart- 
ments and university curricu 'tt^'t-*^*^. i.^"^ nearly impossible. 
"ITius: by cloaking themselves :ual elitism, our colleges and 
universities ;irc- adding to the pi'. of the inadequately prepared 
inservice teaeher. This pri)blem is especially acute For elementary 
teachers. 

Flow can wc change the notion.s i)f our subject matter-oriented 
colleagues!^ AcaLlemic scientists aren't going to change Lheir minds 
easily. /\fter ail: thcv sa\'; science i nc kKles rigorous subject matter and 
should be treated with i igtsr. If this is the established attitude, tlien all 
the funding wc can secure for .science education isn't going to help 
much. The roael to success isn't an ea.sy oi t-. Tho.se ol u.s in colleges 
and universities have our work cut out ior us. 
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Does a Teacher's Knowledge Improve 
His or Her Seience Teaching? 



Burton E. Vbss 

The I riiversity of Michigan 

Ann Arbbf , Michigan 

Several researchers Have alreatly cohtriburetl to the detcrminarion 
i)f rhe kinds dF hiboratory reaching comperencies science teachers need 
to reach a modern science course. In the most complete investigation 
of bic)hi;:y laboratory teaching competencies j2j, Kreuzer examined 
the five riiost extensively used bic)logy rextbook> and developed a 
preliminary list oF 75 lab teaching skills e.sseiitial to teaching a Hrst 
course in high scfiool biology. The list of compieTehcies was then sent 
to 189 biology ccjrhers who had received the National Association of 
BioU)gy Teacher^' Ontsr.inding Biology Teacher Award (OBTA). The 
teachers were asked to rate each technique as to its importance for 
biology teaching, on a scale: highly essential, 5; essential, -i; of average 
value, 3; of little value, 2; and of no value, 1. They were also asked to 
add techniques that did not appear on the list. A final list of 60 
techniques was synthesized from responses t)f 125 of the OF fA 
winners. 

Samples of biology competencies from the Kreuzer study include 
the following. 

Prepare ah irifiisioii such as a hay or peppL-rcorn infusion: 

Make use of the technique of paper chromatography. 

I^erform an activity that demonstrates o.shiosis. 

Niakc use of a technique for extracting chlorophyll, and other pig 
ments, h*om leaves: 

Prepare soluti()ils of various inolar conccntriitions; lor example, a 
O.IM .sodium hydroxicie solution. 

Dissect a frog in order to study its internal .structure, (irgans, and 
systems. 

(^(illecf and analyze samples ol ^resh water, 
iixperiment to study ph( itorropism in plants: 

Ob.serve the heartbeat of daphitia (or aiKither small organism) 
under a niicro.scope, and iiu'e.stigate the effects of varioLiS tempera- 
tures, stimulants, or depressant.s on the heartbeat rate. 
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Pcrr'i)rin a bac[cri()l()t;ic"jl analysis of water or milk products or 
other food prodticrs: 

In addition to the bi()K\uy coh1pctc-i1c"ics, lhcnli<try, pliysics, and 
I-arth scicnt^c coin pctcncics \vcrc dcv'clopcd a; d valid.atcii teachers 
in thiiSL- subjects who super\':sed student tc.:Jiers in sciei..c. Samples 
from each £;roup follow; 

Sj?}iplL Hurt I) Si it'".': ('.<>?>/ pc h:} It iL'\- 

Dctei inine the dt^ ty of different oh]eCts. 
Nhikc a demons tr.inon fot; bottle: 

Ideiitity r<)cks aiid miiierals by physical and/()r chemical tests: 
DenKmstrate rotation arid re\'oliitioh i)f each plaiiet (exainple: 
show day. ni^t;ht. seasons, .md planetary motion). 
Demonstrate the relative humidity. 

Set up a model to in\' estimate movcme;' ■■ ' w '^t-r throu^t^h particles 
of different sizeS; iiieasure rate at which water i ises throui^h coarse 
and Fine sand, and uiaoli data. 

Sj)>ipic a hem i \ I 'yy C j * pt'tcncic \ 

Cialculate a ii1()lecular weight fr()ill lah()ratory measuremeii 
(Construct different kinds of molecular models. 
Demonstrate electrical conductiv ity. 

Dctciminc vapor pressure, boiling; point, and freezini; poi n^ pure 
liquiii^ 

Study [act()r.s affectint; iateS (if reacti()n. 
Determine an equilibrium coiistain expciiii1ei1fa!ly. 

SjYnpIl Pbysiix Cny/rpftcm^cj 

L'se linear air track to illustrate aiui ma!:e meastnemeius of: 
unaccelerated and accelerated iiKifiiih 
coiisei vation uf momentum 
inelastic and elastic collisons 
conservation of energy ^ 

siiliple harnKMiic nKuion • ^ 

With Polaroid cameia, photograph varicuis ilKUion phencHnena 

usin^ siroboscopic techniques. 

t '.sin.t^ classical experiments, measure: the quantization of electric 

charj^e (MiHikans experiment) the ratio of charge to mass of the 

elec ( ron. 

« * * 

Two recent ? lies further describe needed laboratory teaching 
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conipcccncics: Vol Liner aiul janics | | list 60 labor, i. . <ry ti-achini; com- 
petencies viewed as essenclLil by science cducaccs. \ \izi following 
safety arid (.)perational cimlpctcncies were ones Nir W'hlch students 
received A;/^' raring. 

.V 'tf\ ': y ('.'))>: ; ( .:yu"icS 

ti.ti-.tilin^, storage, disposal cif iaboratiiry substaiices and cbenlicals 
Know ledge oF correcr iKi incorrect procedures to baridle studerit 

inn r'es 

Ope rdtionul Cn w pctc>utcs 
Microcomputer use 

i^ccording, mercurial aneroid barometer use 
'relesC()pc u.^e 

Adjustnyerit of tbe pH i)f a solution t() a new level 
Serial dilution techniques 

Aquatic collection techniques, including plankton, biutom hiuna, 
large organisnis 

Culturing and maintaining daphnia; phmaria and drosophila in the 
classroom 

Use of singledens reflex camera 

Preservation ol plants and animals for display arid use in the 
laboratory 

(!heiiiicai analysis o{ water to determine the presence of phos-. 
piiates, riitrates, acids, gaSeS, aiid iiiinerals 
Field equip>merit use 

Construction, procurement, and improveriieiit ot loW-budget and 
ln)memade equipment 

t:se of teaching aides and student assistants in t' l laboratory 
I/()catioii and use ijf resource people, materials in cl e community 
Hvaluatiiiri of student prtigress in nie laborattir) U: :ng attitude mea- 
sures arid Cognitive tests 

Ru^innuJ Science llducution Centers 

Cobbins I 1 I developed a list cA 68 laboratory and field skills essen- 
tial for se-.'ondary school biology teachers. This list \vas sent to J38 
secondary sCiM)()l and college biology instructors for validation, arid a.s 
a restik 5S skills were identified as c'-sentiaL 

Knowledge about what skills are t'ccessai y tor science learning does 
riot riieari, htiWever, that these skills are available Or pat to use. The 
concern for the improvemerit of labcirarory science teaching points to 
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thc nc-ccssity i)f establish iiig rcgiiiiial ^ ii-iicc cdLicatioii cciitcrs. These 
centers sbA)Lild be staffed by scientists, science ecliicatDrs, and scieiice 
teach in^ counsckirs; Support for the centers uoidd he on a three-year 
basis, with must fuiidini; tlirou^h rhe fS'ariotKii Science I-oiindation 
( NSIm. (ieiiters woidd be apprtived by illeails <jt Ciunpetitiv'e bids to 
NSF. Industry, local school districts, and science equiphieiu suppliers 
nli^lu support the centers as well. 

Ideally, such centers would be attaclied to a university. The primary 
focus of each ceiuer Would be t<) update rlie teaching:; skills of teachers 
who had not been f>roperly prepared or wlli) were ili) k)ni;er pri)fes- 
sionally current. Some teachers would be enrolled for ah academic 
vear, w liile others could be enrolled for a SLUiimer institute only. 1 lie 
teacher-' wt^uicl receive new science content instruction and, in particu- 
lar, lal>wr.'.u;rv Conipeteiicy instruction; After their science and science 
skill preparation, follow-up assistaiice iii the K)cal schoi)l could then be 
i^iven by each center throui;h a science teacher ccHHiseliH" pri)^ran1. 
Sucli an ont;<)inL; program could have immediate and loni^-term results 
in iiiiprovin^L; secnnclary scliool leat hini;. 

References 

: (f whin lis. K M. ■ l./iboratni y .itul V\M Skills lo IVl- IikUkR-lI in l^re-se r\ i^-e- ( iirriCul:! 

hn- Sc'CotHiar\ ScIimdI liiiiliiuy Tc-.iCtiC'rs: ' Dnccnral Ji.sscn.itir 'i; The* Ariu-ricjii 

I ■iiiversrr.-. I*)S(). Dts \l rUitinti Ah\[t\iLt\ ltiu t>ul ifniul , I J( J ), li)-A. 
_I krcLi/.c *-. I< ■■Dccc'riniiiiiiju ( j inipctunc-t s Un' '\'•J^d^\n^ Sc-cnnd.irv School MolIctii 

liin]<)i;\ roiirsc-s." Ph.[) ilic'si.s. Tile I': :'.ity of N!;- hiuiiii; Ann Arhur, l*ri. 
V \'<)irnK-r; \< \ mk\ R. j.inu'S. ■ [.abor. .',> Tck iiiiii;. (^oinpL-tuiiL ics Inr Si. iciUL- 

TcKhcTs as \'kucJ by Scicikc i^Jucamrs. " Si Tuinl 'sHctUL MmIh r.Mii \ 



Do Tap tlie Potential of GontinHing Edueation 
As a Source to Strengtlien Teacfiers? 

Vincent N. Luhetta 
ITie I riiversit)' of Iowa 
Iowa City, Iowa 

John Pehick 

The I niversity of Iowa 

Iowa City, Iowa 

()vcr chc past 25 yc, . . niilions oF dollars and much cRorc have 
been invested in che development of science curricula. We have 
learned trof-ii that experience, leLirned that we cannot build "teacher- 
prooF" curricula and thiit good teachers are central \n iHotivatihg 
students and in profnoting science learning. We also have coheir hied 
th.^ there is fnore to good teaching than being an expert in a science 
discipline a id that poorly c|uaiiFieci teachers provide less- than -optima:' 
lea riling experiences for .students. Unfortunately lor us today; even 
Fewer teachers are properly qualiFied For science teaching than was the 
case 25 years Ligo. 

A number oF Factors contribute to being well quallFied and promote 
pr()FesS'(>n; 1 growth and renewal am{)ng science teachers. We shall 
liighliglit (inly the central role ()F continuing education in encouraging 
vitLiIity, p ro Fessio ha 1 renewal, and competence iil .science education. 

We believ e a ci i jpetent and proFe.ssiorial teacher is hiore than a 
trained technician. A proFessional is aware oF problems, rationally 
assesses those problems, digests available inFormation, envisions solu- 
tions, makes decisions, and takes appn.: riate action in flic classroom. 
This teacher-initiated action leads to the re.soiuti(3n of pr()blems Lmd 
promotes learning appropriate For ituiividual students. Slich profes- 
sional analysis, sensitivity, and resolution is not automatic, nor is it 
present in the majority oF beginning teachers, even those From good 
preprofessioiiLil pr()grLmis: 

The level i)( proFessiohalisni, competence, and expertise that wc 
expect probably is best deveK^ped through appropriate Coritinuihg 
education experiences. A very visible example emerges From prelimi- 
nary analyses oF the NSTA Search For l:xcellence in Science Education 
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(SESE) study. (The NSTA I'ocm- On ivxveilvnve monograph scries 
provides details oh 50 exerriplary programs in science education, 
nationwide.) Teachers in SESE exerriplary science education programs 
gencraily have been active participants in long-term coritiriuirig edu- 
cation and have taken personal action in developing thc-ir own curric- 
ula and creating an environment conducive to professional growth. 

t 'jy>iti>iu!yii: lidrrcarionji Ahumaiii vs 

Cjood professional experiences in continuiiig education depend on 
rime for reflection and synthesizing experiences and ideas. A sensitive 
system cf ment()rs can greatly increase the power ot a teacher s expe- 
rience .is well. Appr()priate continuing cducarinn alternatives can 
inckkle 

!. workuig in areas relevant to the science discipline taught, for 
example-, in industrial, medical, or research labt)ratories 

t. panicipating in discipline-relevant programs in higher education, 
such as science education, science, t)r computer applications 

^. conducting or participating in research the teaching-learning 
process; as it relates to scieiice or scieiice teach mg 

I. being involved in extended curriculum development ox adapta- 
tion and evaluation 

"S. being a coordinator or principal support person for a niajor 
curriculum implementation elftirt 

n. developing appropriate curriculum enrichment materials, such as 
Computer-assisted instructional activities and siinulatitins; laboratory 
invcsti^arions, personalized experiences, and concept applicati()ns 

^ exciiaiiging positions for one semester with a teacher in another 
region or C()Uiitry 

S. serving as a supervisor ()r instructor in a preservice teacher 
education program 

9. teaching courses for inservice teacher education 
10: taking major responsibility in a regional or national pr()[essional 
science or education association .... 

1 1. being a inajor C(Mitribut()r ro a book or other resource published 
by an established nUblisher 

Many other inuing education alternatives are available locally. 
We sliould point out that while we anticipate some variation in the 
qtiality and intensity of various alternatives, they are intended t() be 
m()re than just high-quality, relevanr. alternative experiences. Pro- 
'n1()ting professional renewal, development, and maturity is our main 
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iX'oaI. To ifiv ::■ sc riie prohabilicy of" siu\) dc\elopmcnt. wc nni.sc 
irKiut.lt.- o| .•^urtrnici(;s U) proccs.s* r1c\v iiltorhlatioii iiivd to syiuhc-size 
And Apply i^-" 'uorriiation and \v-orlLi \'ic\v'S to the local school scccihi; 

anJ curriciiiw;", 

Fiofcs.si.^nal as.sociat iori.s like NSTA shoiikl act as.sc*rri\c'!y in join- 
in.: aucncics ancl (jcher professional associatioii.s ro sec up 
coii^uuiirli^ cciiicatioh alccrnaiiycS ol the hi^^lic-st quality. In Licklition, 
Ai\ organization like NSTA cap function as a .source ol iiili)rmation 
abt)wt such alternati\ es, about 'creative model proi^rahis, and about 
what is happenini; in \arious locations, ('oninnmities and orijaniza- 
fiiiiis vvitli vakiable intormation about aitcrnati\cs are more likely to 
eh\isi()n. additional relevant activities and projects that can be under- 
taken locally. They mii^ht then be^ih participatih^i; in this important 
[latior.al movement whicli is in the best interests of local education 
and t>f comnninity L;ro\vtii and de\eiopment. 

NSl^/\ and otlier organizations muse act co promote an en\*iron- 
ilieilt in whieh teachers are coil side red mature prcifessionals: I-'rescr- 
\ ice teacher education and licen.sihi; are only riHiimentary in thi.s cycle 
of j^rofessional growth, maturation, and continuing education. In a 
complex tec !i no logical age, it is naive to believe that mature profes- 
sional coinpc'' ncv can be acquired in one short burst of preser\'ice 
instruction. It is equally iiaive to believe Coinpetency can be main- 
tained for lifetime withoiit carefully developed ciint iiniiilg educafi(>il. 

As a nation, we ha\e a right i:o expect pjrofes.siohalism from science 
teachers. A^ professional teachers, we must help other teachers to 
achic\ c tiieir own potentiaL We must set up systems that not only will 
demand biit will f()ster the knowledge, skills; and artituclcs of profes- 
sional science teacher.s. 
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Do We Have the Resoufc .o \^ Develo. siew 
Teachers Needed for Sc^ooi Sdevie: 



Gilbert T\\iesl 

Clarion I University of Pennsylvaniu 
CI: Hon, Pennsylvania 

• The eapaeicy Aincriej's eolle^es and univcrsicics co prepare 
'■iu)Lr^h qualified seic-nce ceacliers co serve cHe eouhtry's selio(Ms in chc 
ftittire is in doubc. Cur-encly, however, licde infbrrhacibri is available 
tor decermining whechcr chey can increase chis capacicy. 

At preseiu, chere is a se^'cre siiorcagc of physical science ceachers, 
jnd in some locacions there is an equally serious shortage ot ceachers 
in other science areas. The school-aged population is about to start a 
sustained, steady increase in numbers. During the ncxr teii ;'ears, a 
large number of professors of science education will probably retire. 
This will greatly reduce the capacity of teacher education in^titucinns 
to train hew science teachei-s. 

R ^'c o m m c mi at in n s 

1 ) assess the current st.itus of the f)opulation of science education 
professors in the I'.S.. a si:i vey should be conducted to determine 

1 . the average age of professors of science education currently ceacl:- 
ihi; in tj^'acher education institcitions 

2. the- average amber of years until their planned rcr!r( iiK. nt 

3. thc\ percentage of those who plan to "change pr »ns. by 
becoming college or public school administrators, for exanipie 

I. the availability of time and resources to add to their work load in 
trainiiig new science teachers 

5. the cm reht riuhihers of science education ci'ictorates being pri)- 
duced, and'^rhe availabi'iry of time an-.l resources t() add to professors' 
work load in advising new doctoral candidates in science edLicati()n 

Cr. the percentage of time spent in teaching, research, and ihservice 
activities 

7. the per/1 rn ige o*-' time spent in teaching courses other than thc^se 
in scivnce education 

IF the data from such a survey indicate that the pcipulation of 
science education professors is aging and that producti^ of new doc-* 
torates is insufficient to replace potential losses, then a Munulation of 
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tlic pri)l.Uilt i( iii ot UoU- ; .iiit.liLl.itL*s wniiKl hi- IrclpKil. This 

LuulU [dkc tliL' .oi'in icllo-.v p pr* ^^r.tn"is, .similar co the* Narloiuil 
'l)L-tensL' liJiKjiinn Act ( N" 1 \ . iLiiuwships sponsored by tlic fcdcMMl 
L-riiniciH dii ri ii i; the- '. -Us. 1-! \ c-ii i( sue ii. [^rt i^r.i ms u'L-rc ik >i pi )S.si- 
hk\ scioncc C'duc:uii)ii ck' i rnioms ot m:ij()i* ni)i\ ci'siiics cpulcl iisc rhc- 
t.LiLi h*ohi tht.' siiidy to liaoui'j^l- illorL- loi.\il sLipj'^iirt for i1L'\\" Lloitoi'- 
aics iii SL iLMiLC c*.luL\i i io ii. 

A .s<.-LOiul stLuly slioLiUi ix- coiulucced to dctcrni iiic chc CJpacii} ol 
fcMther L-».kiLj [ ion institutions to inorcasL* thc-ir rL-cruitnicnt of stii- 
dLMits. and tliiis thc-ir pi'odiiciion of scic-ncc* tc\icliors: I ho heads of 
sciohCL' L-duL.nion depart nU iirs ai coHoucs add LiiiivL-rsiiios should 
surVL-\ L-di to d,L-(L rniinL- 

1. the aSLlMi^L- Sl/L* ot SCIL-IKL" lilLtllods cLlSsCS 

J. a\L-raL:u iiunihL-r of scctio:]^ of sciL-nco methods classc-s 

^: i\\L' a[)ility (»f tiic insiiuitious ;o incrc\isc the si/c- atid niinilK-r of 
scLiKiiis of I Lille i1 let hods L' lasses 

L the ahility of tlie inst it ii lions to increase the n in n hers of student 
teachers in science that tlu.y acconinio».late 

if t he s[ iid\ si^o^^■s that teat 1 ler edu*:at ion institutions lack iheca[iac- 
iiv t() expand the prod tic t ion of ne.u science teachers: then a proi^rani 
shoLikl Ix- established to help these iiisi itiitioiis U) do So. Cii'ant pro- 
U ranis coukl l^e established, ior exanij^le. li the pi'oWleni w ere dcenie<.i 
serious e[iouL;h. k'deral ^^ranr pro;u ranis niii^ht e\en help pay salai'ies. 
on a ienip(>rarv basis, for neu' positions ior science eeiucators. 

Nl«)s[ hkcly: if the data shou- a cotnini: shortane ol science educ at i' ir. 
professors aiid a lack of Capacity to pi*i »duCe iie\v scieiiCe teachers. M . ' 
if these data are w idely pubhci/e*.l in ;'ie eLlucational coiiiiiniiiity. tir. 
problem u ill correct itse[f. Kn; / .• ■■.'d;i;«:- that jobs arc ,i\ailabTe usually 
inspires people to seek the education necessary to-fill those jobs 

Ait houqii I he [m » )i:»k-nis cited lierc are only j'xnential ones, .i ri; dc-i.i\ 
in tnuliiiL; oiii ] a how serious tlicv ill il: lit become coiild add in (he 
st.aentific iili[er.iL\ of fiitii re L;ei ler.n ions. 



Does School Science Tap the Key Resource 
or th^ Elementary Principal? 



Kenneth R. Mechlirig 

eiariori t University of Pennsylvania 

Clarion, Peririsytvariia 

/viLcr several dccuUcs of hatignal effort and the expenditure ()1 
millions i>i dollars to improve science education, one mi^ht Icgiti- 
nrately ask, "Where did we wron^?" Nobody seems to be blamini; 
elerneritary principals for the sorry state of elementary school science. 
And rightly so, for the surge of support for science education in the 
I96()s and 197Us virtually ig^riored principals. While.ii few participated 
in the National Science Foundation (NSF) sponsored curriculum 
devel()pment projects and inservice programs for supervisory person- 
nel, the humber was (snly a tiny fraction oF the critical muss requir: ' 
to launch a siM^ essful natiiinal effort to improve science educatioiL 
Instead, the bets were p*^^'^''^*^ ^^^^ •J^'^^'i^^P"^^'"^ of alphabet-soup 
curricula w ith acronym--, like SAPA, SCIS,_ and ESS*, and on the 
retraining of a relatively small percentage of the nation's e!e-nentary 
teachers. Principals were 'not even in the race. 

No onr doubts the importance ()f teachers or good science curricula; 
science learning simply cannot occur without them. But since curricu- 
lum improvement Has long been a responsibility of elementary school 
principals, it is ironic that so little attention has Been paid to the key 
role they could play in the improvement of science instruction. If 
principals had been iri on the actiim from the beginning, maybe we 
wouldn't be in the predicament we are in now. 

The Prh^cjpjf l\2^?e kc/j- 

\u studies in schools around the. United States, NSF researchers 
have described the role of a typical elementary school principal: 'The 
principal serves a unique role of boss, shepherd, counsel()r, and man- 
ager all rolled into one. He or she is usually the major Factor in the 
scliooi's ojxration . . . /' | 5 | 

•Science— A i-roccss Approach; Science C'tif rtculum Improvcmciu Siudy; Hlemen- 
rary School Scit ricC-: §^ 



ii •■ , V • ■ . s. /, ■ a, 

\ .1 Ml I ;.. i V < )n;i;r(.-ss t )t i^ii'cius an J '1\ml Irts say^ f liat 1 1 r- p'i'i ii - 
. . 1 > * I iL- kc\. t .u t( >!' Ill [he success 1)1* i ai lu rc ( )t a sclux )l. | ^ | I he 
■ss Lis that teachers neeJ SoineoiR- tiR-y can rufii wheti 

iR-i[^; f hiev iieCvi stMiieDMe ti* ii^sisi >ek'(:hin (U tc-xt- 

hi n )ks a ikl other resi I'i rces. i m Ues i i i ise!" \ k e j m'i >!:r.! li is [ ! iat sha i"|"'eii 
tea^hiiij N^ihs, ' [trt)\'ii.ie Utile for l i; !*i i h : i m piaiiiiiiiL;. Tiiai 

s( iiiR-t IS [^ri ! K 1 pa I 

Ml >i\-i ) \ er. ["^ri iK'i pa is a re in a pt )s it u )ii ! t ^ n "!,:'; < >r hi!;:; cu rriculu n i 
I. iiaii^e : - Hi'ickc l I saiih 

\ 1 1 i ; ^ : ; ! si r:i ! I '1' i i i;i v pi'' ui ii .(e i pi c \ e I it ■ i M nu \ a ; i' a i 1 I r >( 

^ ' ! ' ' < ,1 iM ii;ni>fett He is puuei'fiil. ilof iK'i:aii^C Ir has :;:e 
[ : 11 liii 'p( i i\ oil ii liaL;! n i r nit 1 ; t rca 1 1 \ 1 1 \ ; of i n t c res{ in c hi!; i : ■ ! he.' i 'l'^- 
i> 1 1 a 1 1 1 ; ioi 1 hut st in pi\ I le^ a use lie has t he a i. : ; ir i [ v 1 1 ■ prec i pi 

'1 he National AcaLlcaiiy oi v^cicnces co'ncurs: 'Principals , . . are rhc 
kev ai^efi'- lor eJucaiional chani^c or h)r inaituainniL; the sClUiis <.]LU)." 

ol 

"Die iiiipt .i'r.; nce ot t!R- p" :i ipahs r< )le secnis a 1st ) to he hv arnc otir by 
reseaiaii A recent article in t'/ ': 'Pdl.'i | i] i'e\ae\vcd teii siiid- 

les ot etiL'vEKe school! irt;. Ali teii ■ ie n ion s ■ ra I eel thai prinu'pals uei'e 
e'l.;:!". : ; ; i j n't Ii t u' 1 o e t e I 11 n 11 i 1 1 t he et i ee 1 1 ve fR-ss of schools, l-'iaiki- 
p MS I!: 'Ii'a s(.h(><)is wIrmr- a c h I e \'e 11 1 e 11 1 \^a^ hie he!" u(.a"e st rotifer 
ifist:-::; ■ lira! leaviei's. Tiiev UR-rc- assei'ti\e TheS' ted: "rhe\- made the 
hit ler c'l e. 

1 hf [in; .;pals i i n p" - : : a ii t o\'c-rall ri ni school o|U'ratio:i, 
{•'(.-.!'. cited I"; pea tL-d 1\ . W'liat .sjXRifi^ ettet^t has it had on the ua\' 
science is fa' ^jhf and ieaiaiei-i m slIkioLs.'' Mane \v()u!d saw N'()t 
riURli." t hit or' .n;i'ehv". niaiu' [principals tec-l iincoin t on able; <: , ca i 
niadet pi.; re. \\\\\'\ siieiin.-. Aooii' one oi:r ot loiir piancipais receiiiiv 
Mil'. L-'R*: ielt riot well qua h tied" rosa{R-r\ise SLience in.st ruction, j m 
.\ niere \ \ percent iiad nkijored in scieiK.;': most Inul C( )ncet it fared in 
:R.;dinj. Ian^uai:e arts, hn^lish. <>r social ^: tii-lies- --tho^e areas uhich 
^; ■ - M ; ■ . ) a^ c oianr i( )i' a h. . r po; ' it )n ( ;( the eleiricntarx' sclu x )1 (. uri ictn- 
. f ; V»r ; f i 1 toi ) [1 !.i ; :v principals, ieii^^e reC''iVus iou' pnoiaiv u heti 
VI :;ip\::cJ. n- school suhR-cts, XK'haf can h-.- done to siiRai^tlien 

[ ; Ra r sl rmr e lead r:-ship skills,^ 

i'l.iU I'Vr Actlnii 

( ,lcM r 1 ; il one su i^ie act loi 1 is to he takca i to i in pro \ e sc leiice edtica- 
iioii at rh; eleinetuary school iev'el; it ^lIould he ann our cth)rts 
di!"eui\ .11 principals, traiiiiilL: tllcli^ ior scieiUX' ■.urfiCLilUili lil1pro\e- 
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rnc-ii: uhilc- ukiw^i aAvhiuhi^c nt fltc-ir ii.iiuimI lL\Klc-i-ship role-. Jusi 
rcac'l-iiiVL: a siunitK.u^t luiillbri liic (U):()(H} K-S priiiujxils in (tic I'.S. 
:c[^i"c\c[Hs a I't-al clKi!lL-ii^i;t\ liovvc-VL-i". 

( )iic niu.lL-sr c-nor- ,s iitulcrw.iy ('iiiulrLi hv .i siiKill J'f.iiu from 

I.aiica[i()[i, NSTA iias iiiiti.UL-d a nri)jc. r cntiiicd " l^r< iiiioc in^; StiL-iKL' 
Atnnni; I'lL-[nL-n[ary Scluxil Principals. Tli- p. ^j-^i is dcsii;iiL-cl io 
.:^sisi prmcifMU in lakiiip a k-a^lcTsliip ruk- in science CLirrit-uluni and 
mstructi. n n> lie-lp cliL-ni assess (lic-ir ouai science pi-<)L;rains and 
inipieineiii A:.\y>n jMans toi- ini[>ro\ enient, and n> jic-lp tlieni i-ecoljnize 
ihe pnte:iri d <;{ science iriMniCMun For lielj^ini^ cliildren de\e! ^p lite- 
luiii: icariiinL: skills. 

W'aiTc-d T. ( »rc-e[deat. editut uf '/'/'t. Pnrji//)u/ tna^a/ine — 'd .c jour- 
nal ot [lie Nanonal Asst^ciatiun ot" KU;mentary Sclliu)! PriiKip<iis — 
dc-suibc^ iSSTA project as "one pinprick ot iii^lii" iii tlie ^atlK■r^Iu; 
t;lin;ni /\U"rdinu 'o C Treenle.if, 

■J !■, j,iM),-tf rt-iMc-st-Mis iiiif .)t du' i: u curreiii .Lliciiipts («> ai tc-st ilic 
M.iinminii: dcAlmc c>t sueii'-t fd..cati.Mi iti ilu- scliools: and hah die 
i:ruu dnil ■ \iiifrK.t"s f. isf est i:ru\v int^ iiiiiu y : : : t he scicir : • ■ and 
rc-L hii. )it ail\ ihirei aU-.' | J 1 
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Alilit imli [lie ?*JS'rA project provides a valiiaidc 
conifM c!ie[isi\ e etturt is now re ]Lured. Flere are Sevei : is" 

1 idtticr NSi- i in its icncwal ot support tor pre. v iice 

^VuKjiiuiit or the r.S Department ot ^'.ducation .sin nn. . . . i i nar e a 
pi-omMin aimed specifically at improviiic science leadership skill.s 
.iin>.ni: elcineiuary school f-^rnicipals. A suhsiantiak sum, perhaps 5^ 
Midhon to >^ miih Ml. should he allocated tor these purj^oses cxclu- 
s!\c!y. Pro^raIlls could he j-^. rteiau-d aticr ( liauiauqua iiieetini^s: 
.uademic-vear c( iiirerenccs; or suii.i^a, ; traini'i:' nr< »-^:jms lasrini; one 
or t \^ o \v. ec ks 

2. hrotessional suctKc edu'.nion asSociarions should encourai^e 
(heir leaders and memhers to ca^rv tlu' messa,L:e of science cclucaiion 
t., the prmcipais oil their " ome turi, u i'li co;..erences in tlielr schools; 
proi:ra!ns at tlieir rei^ional: state, and national convent iMfis; and arti- 
cles in rhcir pia )tessi( jrial journais; A toiucrtcd ettort s' Id also be 
laur^ched to iiu iie and encourai^c princi[\tls to [\iiMCip... . at science 
conventions. spccdi-.dK in workshops and either pro.ui-ams des(i;ncd 
t<» mcrease ilieir smli.-' !(-adership skills v-^liilc providtii^ practical; 
easilv implemented^ ide.is ior use in their schools. 

-^. Maiic businesses and industries have experience and expertise irl 
providu'iij; manai;emeht t-r;a'inin,u proi^rams lor tlieir own employees. 



ThL-; : 'iiid hi- invitcii (i> jr.iii with the science educ:iri(Mi ci )iiiiimiHty 
: J,fvc-lt)pi; .iikl iiiinleiiieilt::: illeilliKls (it iL-lklefsllip traiiliilji;. SlR'li 
irainiiVL; shonkl be specific ilU iiesi;^iie'J, t() iiKiX-.ise the scic e lea tier"- 
>hij' aiui nia na^L;eiiK-iH -Liil.s u\ elcMR-iuar^ school principals. 

.V// 

Science : ic ion at i : ic elefviciua rv sciux )1 le\'el is ! i( )urulerin|:. 
While :v..'tiori has he^-n de\'ote':! to inipriu'eruetit. tr;rotii;ii 

*".orh cu: ''I, /n' 'Je\elopineht and ihser\'ic"e pi"oL;:"anis foi" tcaciiers. 
p'j'Cipals h.a\'.' lar_L;elv been i^i;norei.l. ii^«oLit;h they arc tl)c rcCoi;nizcd 
sciiool leaders, i it tie inonev or tinie !ias been de\'ote^l ro stren^^tlienin^ 
rheir science lea^lership skills — ancl [irincipals are tlie key n; i;oocl 
^^ie ■oL:ranis. It is Unlikely thar iiiaiiy ehaiii;es will occur without 
(heir SI ; ptiiL aiul assistanice. In tact, eleniehtary science ccitication in 
the I .S. mt^L^ht iK'\er be iinpro\-ed Luilf'ss principals are invoK'eci in a 
coiicerteu effort to impio\e it. \\'e n prot;rani. to \\' elenieo' a ry 
school j-.i-iir:- J:;* C'lMp ihca'i leadei'sh ip skil'- m .science. 'Fiic^e 
s'lo'uj'.i b)e iM"o!.;ranls devc'loped aiui iniplt'nvjiucd i" the feiicd 
},;( >v er'nin- fU, p'"ofesMohal associarniiis. .-iul bL;--:nc>ses an-' indiL-u'ies. 
Actio' 1 ,'s needed, iiul ix^C:'. d iiow. 
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;o We F ' ik School Science to Scieoc;: 
Su^^enisur:^ its a Resource? 

Guilford toiihr. Public Sch^c^is 
Ga^eeiisboro, Sorih Ciirolina 



Oiilvlaiiil Schools 
PoiUiac, Mfchij^an 

fV()!\c.i -i^ M n<.;i-ic:ni respDiist; Cw :1r' ^mak of (lie Sow^'t Inion ^ 
SpufriiK . - ai;o, SiipL-rvf- oi> in i-"C';:;,Mh ^ .it s, ., : d toix ii:! ■ 

V pri-R-iiiinr. I 7 1 V^'iiat iia^ Happc'i 

Kit/ : f-L-iscti \'('\ ioiitul '7... ^ -^^ ^n.i, wtjic inosr lili^-ly u> 
occur Jarinu a tvpiv 'i wotk \\ t:-ck of a ^ciciu c a i>or in w "t'ork: 

! : ^ n^iiirnii; uaili rcaLhfi^ . i J ' ri,:i,;hi[ic ixipils; [ ^ ) cur; ulum aliw - 
:-.cs, -i- aLti\iLics related m.. plies cjuipiiiciu. ;uicl ( ) cwikiatiui; 
teachers. <^ ■ •i-.-Iucrini^ j in Floi iiia to dr-terrniiie ilie Status of 

M x 'He sU{ : .^ioiK 1^ 1 rliat people's p-r-eptio...-, about super- 

visors dif'tered froiii cu'TCii; research recomniend.jtions lor profe^- 
sioivti [M-epaiMti^ )U proi^ratns. | 1 Mil f^nerto ico, Ort i/ i-'i ' t.i | ^ i asked 
four ur( )up ot distric; ^uiK-rinteiidL [its. tealii^ rs: and science coordni.!- 
lors about their roIi- ex pecta t ion^ ror science coordinati -rs: Slie fou:id 
M )nie aureement an> 'ii; groups, but the ani< )unt and ^lel:ree of t onsc-n- 
^us varied. 

( )ne of the nv)>t re cent -.'-dies of science M:pervisor u ^le jx-rcei^Mon 
was directed rhroui^li NSI'A s Division A Supervision. |i | hi a 
nationji survcv. re.chers, ad[nrnistrator-. and other proressionals were 
asked to rank [lie roles of the science sLiper\isor in ::ie (irder that 
u.)uld most cliisely tn their needs. In order of preference, tliese roles 
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\ . J;/\!r:/i noyr. .issistaiice in r he devclopnien: of instruccionai n^ate- 
rials; i;nple[iientation of curricuiuiti chan-es; iicourauenient of sru- 
dcUH invohenient incxtrae-a-. ui.ir pr(;i;r.i n is' revie\v atid rcfineinent 
of mcthocis of instruction 

J f vrr/,-7/.7»?= facilitation of . -acher involvenuau in curriculuni 
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: I \L:i".t Mi 

. iii (L; L )i 1 ill iiisri"\iLr pn»L;'.:i ^ 'i"«!i(i;5- 



;! 1 .•. ; • ■ ! K'l- I P )• '1 j f M ) 1 1 I K' I ; ^ ) ; 1 1 I U 1 1 1 1 i . I ( 1 w M • ij ( . f > [ >i M" ! 1 : 1 1 1 1 I (. ^ 

M il; -i'.inix' pi'i)L;r:nn ( il^jC't ( i v<; ^ 

f^: :■'!:: ihiii.iiiur ^'^ opj r.\][}Cs t*>r (richer cx- 
J.is-, ititJiis. I. < H ipt'iMi i\ f if.n, iiiiiL;. .nui deli )< Mist r:u h )n 

■ •.■.L-in 1 1 ' .i III ( )t 1 [) i!-in.j ui )i 1 .li'w mt j u i uii hl: ^< )urc(.'s: i in'oiw- 
Jj-is i:: Jcm^l:!! .iiui ifn)iuic.-ii.ii; ul tJ(.;l![K•^. dc'\c'! 
; . 'pt ; >.i U I M! i M > I rue t !( )i i:i 1 p; • : > 
W.,^.. . o.-L:.nii/.i; loii ul i i i.i ! ci'i:' N [ui rltKiciH rise id d.iily 

> . H^i ^:iii.;r uf Mij^pU' a ! K i loiis : ilis^l-iniiKiUon 
• i: li^.iiii iH-i-l,iniiiii: ru sj{ri\- .ii; ' ' : .i!')! ! i t i(.'s all^J .thoiil 

: sf ' ^ P' ! :l ^> ' I i 1 1 1 1.1 1 u )( M )i ml< trii MI i< Ul n :! K L rii i ivu cui'i'cnt t inan- 
■ \ r i ■ ■ ■;■'■!:■ ^ m:J tMuip<"'' ^ 
' .f s ^.fir; -i i-csti If ^ ' tua 1 1 1 [cna irc ul 

; : : ; : a irn: at 1 ,1; V r ! ; iM li . ' - N .! 1 Hi 1 ).;■ I. )i ! ; il u\k H . 1 1 ■ ''■>jL\ t i \ IxislhI 
; : r " : ; ; i ■ ^ . a • 1 ; a 1 ill n )a . i. 'iial I ra^! i<;;"^ paa 1 1 ; :u n ■ ' L;ru\\ i h 
).!p ' ; la: aiRr iii , Ui'pi'iL:. .. ' ! " m i - [ ! i ip . a ikI iiucr^ 

I'd I n ^ a : : ss;- ss ; ) : - a - 1 a ■ fa 1 1 j 



pat 



! t - -^ ; a ; 



; .isMstai ■ r iii Kauii; a ;: •• ■ ; u n i i ua 1 1 ; rciuali/a- 
■ !^ 1 . I'L-M la ; : a II t u! n x i: i a ( , ; iui i < ■! s,! al t 

:'a-st.- ' a;a.a- situlirs t I 1 .-ln^ !: m- m im^I mhIv 

.■ , Pi i; . 1 ; [lu 'sc- !N ■ ■ • ' in ! iia c via ■ u t;iai Lailc:- 
prKC- ^a'.i! sra a . ii-a a a,n a tc arc rar,:iip naaa/ pia. - 

f 1, a 1 a;-'- .at s^. a' ■ . >a ; ; ; v i m u's t ! i.: 1 1 a vc 1 aa : ; a a iisw caa-M 

p. .laaiaai-',. ■ ,^ ^ia^is in s.kai'lr ^apcaA isa >: i sianiki 'h' \K'\\(.a1 
.. Maia, -'Lala ^ aii;a.a(r .i rirci Mip' i^nry sciciicf j (-•- 

• : Tile- 'Amik <'i ::u; s(.;r!uc xa : ; iplcaiiLau iiip clU' 

- pr< ^ui a:n. k : : < mi, ul a i ^1 : ^nii aiii cudi lalMi- 

ai St !(.•! U ! ! a; iitcaaa. . >[!!■. l'. ■ )f !' ruK' sin mid Help 

h M n > ■ ■ ■ • a [ iiaf UirrrMc '\ c iii pi' .p^aA i:v )rs a^ va-l! as 

p ;, .s,^- [P.. : [Ma HI li [ 1,:: t< I lia \ c r iKau. : :v. it simuid bene; a c » )l 
iia i a ' la'si : ies in f^re^e!-\ sc : u e cal Ul a in ) J i. A cical r dct Ii^l- 
• i> a ; ' : ■ . - I'cai uaif s and n jIc' dcs^ ri jnn a; lor (lie pnsit k )ii slu m id 
.-rrr-isa l-)a-.is Id!" 'ia"-edia ifioi; and [ ra 1 1 n i m1 sc'icaKe .Mipca"\ isurs. 
M. a\ 1 ' \ caa u i idt .r a nd i n,L: ia:.p ^a [a th a is i icid iu!' t he role ni the Sl ieiice 
M:per-\ isoi" is \ : ; .d P u aiH ii; idersiand.iiiL; of iii^ ov lier perl oi'niai ice. | 2 j 
haiaiiLa* i*esc,:iaii ti)'/. aid rliisca-ui ^les i ralde. 
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POLITICAL AND POLICY CONCERNS 



Do We Make School Science Fit the Needs 
Of Each Learner? 

WiUter Smith 

I niversily of KiUisas 

I awrcncc, Kansas 

Anic-rkJ iiot tiir same as it \s'as as liide a^ ten ; lmts a^m), and the 
thai!-^ - .Me a^teleratin^^. poiiite ' oiit by John Malsbitt the 
pfL'diMniiiaiU I '.S. ( )Leupat :> Ml, until the very earlv tvvent.eth century, 
uas farmer, Tiicu tht isidustrial laborer ech -ed t he taruie';. and while 
the Cities if /\tnc. ■ a'.-, Nortiiea^; and Mi'J'.vest became iridusn iah/ed, 
rhe farrn l^ecaine incchani/ed: I; iborcr-,; much like the machitiery they 
Dpc rjted, were nearly inrerchaiineadjle; and tlieir traiin'nt: need.s, as far 
as scic 'ice svas c(MK erned, vvei'e n.iiiimal. Tlie eii^uiiieeis wh< ^ desit^ned 
..nd matiai:c' \ t )ie la* t( >ries needed First -I'ate trainiiji;, a[ui t hey received 
:• I'he saric- 1^ tri'c oi" science professionals tnday. { \ \ 

f 11 Ave via", in die I a -a tv.() dx-:. adcs the accelei at inu ^i^rowth ■>f intui-- 
mation t e Jn k >1i)l:\- , cor pled with a decline :n nKuiui' cturiiii; lias pro- 
pelled clerk al svnrkers ahead laborers as A; e.a: s lai-l;c:>c L;ro(ip ol 
workers just as indust f a iizat ion cdiair^ed farmi:ii;, iiosv iiii^h technol- 
i and nib )r mat: xi process are chanuini; industry. ( Rol^ots are 
in. re.' The s'eeond largest ( icctipa t iona ! ■ -ry roday is jMoiessional 

" "deaL her. eni;ineer, law'Ver, iuirse. bbrana ; k c on i it ant, social v« < a^ker, 
del I >i , newspaper rej-^i mv^t, elei-.^yman, scietuist, I'lie pecipic in these 
\ )oi I L a teirorae'^. i ieri'. j i and professional, lia ve some characteristics 
in L t )[!i:Mon: birst. t iiey do not make anyt hini; (thai i*^. t hey d< ) !1< >t i ijrh 
iiarur.ii resoLU'CeS ini() product s^; aiKl secoiul, their imw material is 
k ni )SvredL''a. a n-ne'w ablil' resource. 

Peopb ,ho.v work :s leased oi:; knOvvledl^e manipulation clearly 
reejuire a :.-)re Ci)n'iple;e education, includini; the sciences, thaii their 
forel^ars rr jived. bi addition, people build, operare, and repair inloi-- 
marjofi proicssors and rol^ots, so increasin^L;ly more teci mically tr.:' ' 



fu-fsuiHK-l arc- iiL'L'Jc\j, M 'Oil irchiiK laii may l-c li j^sc c if.-:"^ ( iiii' iiuiiilx-r 

( li:in;.'.v-> i: i^i- ;'\in; :tii scene- will stop Ik-tl-; Ik c-r. (.on- 
^ : :cT I r L:r' »\\ i i '.i »M( i'* ' i i ) \ cT Mi i i. i.l i : ^ 'Hal t :pf »i is i il ( )iir 1 i vcs; W e 
^ .1 n re . : \ c- UL'! it.-! ic C( >ii n.scl ' ' m i iil^ i.i i la t i( )n ( )i1 ^vhiL'h to 

S.: .ic'Usioii 'A luTiicr a .' Horn. NX'c- lt-a[;ii inuix- 

\ i . '.-t ic-L t.s on i 'ji- liuah . = ' . ai k1 pc-rsoiial liabits; 

iii-tc-jvi i)i fclv .mi the \ u^. \v e ail- aWIl- (o rakc- 

i: 1 c' rc-s{^( M]silM ! It V K )r i )U!' oVwi r. i M • i lUTL-a.si t \.:\) \ \^c- i:\cc deri- 
.MS .il M )ii r dcMt H. ra[iiilic-s JclIlIc- w Iu ! ir is apprupi'iaic- to proloiii; 
Ii'j .)! /;'a\(.-l\' I'l ic-Iaii\'e \\'\u> klc-pc-iulc-iif upon inccliLal tecli- 
!i>)i()r;\ riij[ sustains lilc. iv [lo^^■lc•i U'vi;.;}i\' u'hai wc call scic-ntitic" 
kn.)''^ '■■^\i:L\ ainl the- need to process that knowic l^j per\ ade our h\'es 
:■, on f 11 t: - drath 

! ; I ah s[d icaes i >[ .u [ l^ itw sciL'iit h :l kin »ulc'd^L:e liiidrruirds t h^ hlc ot 
r\ii\ .\i:;c;ri«. iM ihit tiu) nian\' 'diiKir;-n aiul adu hs dc'tnonst ra t e, 
ih:-t': *i. i\:l \v auitu;-^ and -Aurd.s. th.i- >. \ ha\c- n^.a ^qi'.-sjH-d tlva 
:; L't-f.. ;)f -.ucaMc- ill [!;c ;i h\fs, Wuh d.o :x-ah/.a:ion tiiat no 
itMi 'Adi a fwuipUx prohlc'in. 1 rc-coiiiinend tlia; our 

^,r\-\'.^'^ . >;U-uh: ti i he- t^ M '> ^' : /^Tc i':}r:\ "1 yn, pi ru'Uj-/ 
.v;/.';/; ' ^ . ■ ; w; i/.v./;. si i ih.n n^a;'!\- all studenis u ill 

li..,. L< anidc-to "tnii; -.LMr^ «>f siui^r .uid ii: hLanaiics, j^rior to 

s^n-iDi -r 'a:.r[()n i'his nulisp; ; isai"):c ■ suc-nec' an^l mat I R-nia t il s 
~.:\:A\ ic':! i i>c i ■ ) h i p h s h.-d h-; .; p p r< ^ {MMa te ernnvciital Liiree- 
ndaoiriHal'v , so.-.f:. Jiivl decision Uwikers nuist theiii- 
^rivrs po:voi>.c' that >rud\ tn he- :/-C'tul ■■! the h^es a!i pc-oplc. 

it-ni 'v n; I :d^ liovi >nd !^:; il- ■ ■ is hi. < o 1 1 )ns n h-i'ed i u tc-ssa ry ofi ly toi" 
N';;d^iUs p:c'[\ir- \u liM ^ :ie!-i^ ii) ' n od it. i ne, scic-iiv(.\ nr efvi;ineerin;^. 
\ ;r ii; .i:::; : : sil ilaf !< Ml is Jian Ii;-; la - ■ n..; i ,hcrs < »| women, liunori- 
;iid hand!(,app<.>! poisD!;^ e:l! \\v A icakc' as 'diot tor me:' /\nd 
■ !i s(, tc\v r!t)in dirsc' .zV' .p^ \^L-L-i\ dof^i '^d aniohj; the seien- 

■ !;■, iiirra' , \\\)\ sl^.^ ■':\r\' rhmk i )[hc'i\\ , Laekin^u an'- coii- 
>i pri s( 'O d u; lin ■. I ' III) sv K-tu.c- St tidy , main students, Irom a 
r^.\ ' '{ i\Kkeri.:iii is, ju our scicauc (and tu a lesSL-r de,urec-, 
i; .o u s ■ ^^.\\rn ^ : : it )nted \vith L'Ic-etive hii;h sclmol science 
■ ^. us^m!!', UiL'nuso and plusics. 
Tm uMasc- dii- nuno -rt. uc- niast especially work fit reach youni;- 
sr ei s ; n :::rade^ n \ e to ii : : • , (he ( i n ;l' \^hen s( udc-nts can n :o make 
,:]\v ' !c'<. isi(H1s ah< Kit sc u iRr -ludv. \\'e musi show these students that 
SL !c Ik o know led L'c- is ncf' ill ■ 'i d( :■ [o pijrsue most ( )Cl upat ions and 
fo d(,\0 \^ith human proldeiiis diat confront evei'y<>ne. Scieiice is 



M i]]'^- IS .iii liica Hij! iiiiisi hL' [M'u;;i;h[ lioiiic (o all siLKk-ni>. 
;ist!\i'L' tlK' umHu ill SLic'iiLC siii 'y, siu^k-iits siloiiki bi- 
L\i w I r ii pL-\ ipic' i I'on 1 t he ^ oin nu! 1 li t \- \'- iio use- scktu l- in i heir 



!• ; :.i Nr. ,iMlk-iji.' t.^Kuii !iiJu->t I'l.il ( cU 1 1 1 lei a n : husiiK'ss niaiK'.^L:;;r, 

.If-/.; iioiiic L'l ' Mn Miiit. • -■iisi'iii ai^ciit. TI'l-sl- [^foicssK )Ii:i1s shouih 
\ s: ^ iWc sciL'iu ^ i.issi ■ I Mn ii\ the in iHi-l 11- s J i' i ' -iniior \Ui\\) ulien tht- 
's: .-ierus AVc suui; niu sulmkl- ii>nLL-pcs tiun ;hr u)innuin'U- resourCL- 
p(:i.[Mc can Jisoiss h\n' exaniplL'. wiicr^ suulcfus j ix- snkiyiivu ciicmis- 
tr\. J inL-ilual tt ■; ; i na )h ^Uisr nni^hi ha\c' snklc-ni> n . ifR^uar anJ 
In )i;sc'hi .1 i ; linnnL; it h .m i J-hasc- MuliLa ti ir, t lie : :nuc-J iKjiiid 
ivmu ixh! ^ahl\i;:e Hi-:.;-.! in vwit-r. l-{a\ani; capiui-L-U tlK-ir iiitL-rest, (lie 
nie^K-il let ini' M' 'iJi-: louK! explain lidw pi { is iix-nj on the job in 
i Kvnin J 1 >nial\ MS i 'f hJouh and iiia"ne. The s.tme aa i\-it\- eouki Wl- pw- 
seiK L'li Iv; a t » >s u I )}. )-l:!s[; ciai ry ciieinist ; oi' .. \ riei \ ut others. Student s 
would then reiei\e a praUlLal i;. er to ('■:;! questinii; "NX'hy should 
•.w- sn:d\ thar^ iinplicitK and ■;■ pi ici t ly . t he\ will tind. sc'len-Je ^tudy 
■ 's t < ' .1 V a 1 e<-'i' pA) ' j • 

snnhariv; during a studv ot health, tlie athletic Loaeh could lead 
s[ud.etus lit sniifde sn-etchitiL; exercises w hile explainiii^u the purpose 
')t each and then leLne liovv k i nesiv ^io^uy aiid physioloi^y are useful tt) 

mJk-. d*^le-"^c• li\e role : node Is Could he sii pp - inenred ua'rh si hut 
e A tended \ isi;s m \\a >rk [places and with poster-. | I |. movies | ^ h (ihn- 
siri[^s |""|; .nid st(' les th^.n Jiov\' (he broad useiuliieSs ^ -..ience 
s:i:;iv In careei- c-Xidora? • c u fi -i ies reacliers sliould eniphasi/e (he 
nnp^rtance ot' coiiniuie^i ' . i ' s and science siudly by makin,^ 

snre that the rise >)t niatheiT and sCieiiCe apj-'ears in the descrip- 

n. MIS pro\ ided ti 'T each oc L uj\i( ii >n 

The sele.rion ^ it U\ C and nied- i r- '\' models :s crucial tt) ':.s{^el tlx 
naii'-v'^ niin'oi; (oiuinon anmni: st la n t s, that science s(ud.\- ecjuals 
scienti--: Koie ini^ i-.ls tropi; ,anv occupations must be .diown. I iie 
A mc-riL an i iccupa t lona I m i x i s l lia li x ) rapidly ( ha"( many s( ndcans 
■A ill end ' : j> \ n n ihs ioi' w iri Imv ■ i ( mteniporary r(de models ex Ist. h\ en 
s( if A_e . .in k( ep rhem ■ n [ 1 1. ^ i e - mat lietnarics .[^rc-pa rat i< )n pipt;- 
JiiiL' nd,\\ ; thcai the\ \k i i iia\ c the requisur 'knowledL^' to open lob 
()[i!it)ns. .\Io: jver, ':!( »nt radirional" i' de moi.:leis must be lil^JcaadU 
uuluded ri> show lu ; : k; all siudeiits tiie itiip arnicc ol science :or 
pr' ipie like r hji^ansei \ e ■ \Uu-tl ler man, \. < nnetn mi nor it ies. or ha: all - 
c a. {'^pC' I I 'C-: ^. ins ^ ... ... 

hi ' hriwn: Liunia^ ni scieni^e curiacidar emp-nasis is needed Iti 
^. k-s tn: ■ rtj ; i^-. dlaa !]io\C' siKud'.l l^e away Irt.nn dc' veloj^'in^i: tun- 
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U.inR-iii.il sLie-iiU- LniaC-^n^ <:is cxcinpl ih'cd In I [itci'nK-^li.ue- Sck'Ikv 
('.urnculLiin SiuLiy | ISSC^ | ) tou\ii\i applicanniis oi sc u-.icc in l-n ltvoik- s 
Ilk- ..IS in thu Ik-altli Activities Proi^rain | MAP | dcvclopcci ;it the 
oi' ( ;.ili{i)rnia"s l.jw. ix-nce- M.ill ot Sde-iiLV .'lul BS( .S s 
//,w/;;;;? n^k-z/ll \ >. ruiulanKiit.ii ct)nce-pt> will ^(ill lu- iii.isumvlI; 
c\ ci-. I lie- ctnu L pts shoLild he tanglu with rL-tLTuiux' to tliL-ir ap|->lic.i- 
■:un\> h'or ex.inipk-, etKT,i;y coh.LL-pts coiild he Citigiu in re la lion lo the 
upc iation i)t M] Av\U)nu)bi\L\ then hi't ).KleheLl t() other inocles oi tr:nis- 
[^tii-Uition. Kleas ahout soil couIlI he taLii;ht in rei.iiioii to the eoiniUU- 
iiitv uhei't- the siuiicnts li\e, .uul the\' eouid appK' these ii.leas to a 
petuhriL; or on;L:oniu Lonsrruci i' )n pro)eet. A> is clone hy MAP, srikletus 
eati he raii^uhi ahoui hiitnaii :.;iatonn"' aiiJ phy^iolo^^y hy nieasiirina 
rhern'sehes first an'el tlieti iie\elopti\u the eoikeptS. /Xloni; this line: 
one ciitne sl1h>o1 t>rL;anized itsell arouiKi a physical tiiiicsS thenie. 
Sitidents; teaciiers> otlier school pLrsoimeh aiui e\en parents iiiuier- 
t,„,k a proL:!-ani of cardiovascular i'ltnes,^, nicludinL; proper exercise, 
J.iet. and. rest. Miex not only achieved the [M'actical ontcorne ol 
![npru\t''.i health, Init tliev aUo learned how t'ornicrly abstract anacotny 
and [^InsioK 'i:v e< incepts had real personal meaning and ilsetiihieSS. 

h'l _ ' .... " _ ._. _ ..... 

l)uri[iL; the l^'SOs, to a decree nr^-ater th.ni e\er aiten^.pted Ix'tor-e. 
scic^nce ediK.;[. and peopie in i lu c< nniiumi: y wiio rely on scietice — 
^nid rha- Mi-fually all of us- inw ioih hands :o inake certain that 
[he \ a>t maif 'ri[\- of stiiLlents rece'\ ■ complete sc'eticc edLicati')n that 
einpha^i/es fhc usclulneNS of science for everyone-, du do less \'. (Uild 
si loi'K ha n^Ue hoth stud.nisandl the .si)CiL*[y which re^iinre.s knov. Ied^i;e 

.L- l; rad. nates as emplo\ees and c^iti/ens. Aaid we nii^ht c-ven learn 
fiiat hoohiri; :> unK oiie aspect of edikati* iii: the en t ire codirnunity, 
not iiis^ the sei:')ols, ina\ re>uine its rit;htfiil respoiisihilii y tor h; :Mni4 
\i pc-o[de ^qn >\\ wp. 

lU-fcrchccs 

( li^A I(,V If. M-in.Mi /■■.;■/:■-;...' /i/.:-^ n.^.'.V/>o Ar.:d.-:..\V MhA 

• :\ u .^ i'^S" ; . 

. X, ;::,,;::! •. i ' ■ 1 1 : 1 1 ■ ! . 1 1 ! " 1 ' U II ■ M I 'rf r I'^iMi i .u, 1 i.i NtoJ 

. ' ; . '! i '-- !i 1."' i ' ■ ' I . I t- u t . 

.III,:! - [ )t'p.i:;!U!.:i! m! i .ii:oit imm V /> '!>: ' ' 

- / M . i;., /: .:s!Hiiu^ >:i: P ■ 1 ' ^ ' " . rriNi^v; :: 1 *n ! : : ; i < at . -^i ' 

X,,,^,- i( , (fj\ll !\ I' 1 ,i v. i ; ; ,l < , K,:ms t .ii\L-rsK\ uf K.iii^.is, t 
; ,• ' a • •! ( ■ ■ .::!!. ^-r i- ; 1 1 1 -i 1 1 iU h m i , i '.'SJ 

- \\ \ \{ / ■.;•;.::■ • .i. S. !>!.:>:.■ ^ : a . iU'sc.i u 1 1 Tn.i i ii: It- I \i rk . 
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Does Science in the Flemehtar} School 
Facilitate the Goals of Srhoofing? 



J >. don Johnson 
lortherh Arizona I hi^ ersity 
Flagstaff, Arizona 

Sii[')pi).sc primary tc-,ic!icrs. parcnis. arul sciioi :.'.-m: Acrc 

led [().rc-C(\L;nizc tliar science acti\*itics contribm. '>r l!c \ ;anciit - 
i)f' reacting and mat hcivia tics skills. May be then >^ . • . .uiild be 

toimd for sciciue activities in the classroom: StijTposc the san^e t^i'oiips 
of pcoj^le \sere to be ctHivihced that eilikli"eil ctnikl develop reasonini; 
ami thinkini; skills rhrou^li science act i\'i ties. Add in l; scieiice activities 
fo the curriculum mi^ht then l:»e even easier and more appealini; 
Suppose tcaclicrs ,chool adminisrrat(H"s, and pa rc^^s \\ere madcv 
aware thai stiiLients sluuved more !ntca;cs( in school because oi success 
in science cx per ieiices. li mi^lit nu'n be difficult to keep SLieiice :icti\-i- 
ties out of the L las>rooin if w e tried! 

The aforemciui' ried pi'oposals can all be substantiated. Readini; 
readiness and rcaci.. ^ skills lIo iinproN c \s-ith the use of science acti\-i- 
i ties. I ij 1 )evel( >pnientai leveis of chmkmL: do pr()c;r( ss when science 

acti\;iries are pro\-iLit d for y»"ai\L; stiideiK , Science acri\-ities can 
pr()\-iLle the meaniivuf ul contL'xr f or t lie i]e\ elopnient of coir-putar ioilal 
and tlunkiui; skills in n^x.^macic \2 \ Students d inci'ease i iKMr 
inrL'iC sf in science aiid in < ::ier ar oi the Lurric : throu^i;!! .Ue 
use of science aCtivitii*S. j i j 'i'hesc rr . • ive been . I::'ed inciden- 
talK. without Liii-ectinL; use ' the ^^ ■"e nvities t(jward these <n'f 
cttmes. The potential for l-\ cn i:''eaie success exists, if only eff<irts 
were made to use science act!\ itiL'S s[^ecifica.liy for the realization of 
rhcsc t )tiici )mes. 

Past opi^ortunities to pri)morc science activities to; ■ de\'elop- 
ment of the ueneral ,U()als of eLkK .uioil have been nvcrI(H)ked in fa \-or 
(i{ -oals relatCLl to science content and sc ience proce.sse.s. D()in^L; scieiice 
ti )r the purposes of LMulcrstandiiVi; science, of becomini; a .scientist, aiul . 
of uiKierstaiuiin^ what a scienri.U d^v.-s has been empliasi/ed. // fjoir \ 
\L'L fin jfyf^ycpyrjU t" rcinryi nii'mi thAt .ulKni ht c;i to prfjniotc the 
.Vic < 1 u/lUll :u-'iiitic\ Toy t'lyv lyr'nyuryy vio'pnsi oj rnrtni - .ii^ :hc 
■^L ut y.il 'jojTk o-i \.'Ji{LAtio)} t'i)c L L uu'utjy] \ciynyil ici 'ci . t\ first step 
IS fi) con\in'e te.ichers, [xirents. and school aUniinistrafors of the- 
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•■i.::r ■ ; ^:'^L- sv iL !Kf .iai\'ini.-s v. 1 : ' • ' . iMi ciiiii:; ' !u- ' h.i ■ 

: , ' 1^ : . ! J [ : : ! 1 1 k i ' 1 > - r J f m ■ i ; > p ' m l; ski! \ :i ii< : *^ 'f 

: ; , ! )!i r< ii' ' ^ >n i ctic ^.ui : .1 ; i>: a ii^l ! . .. : 1 1 1 ms-^tx c - ikI pi"L'^L'i'- 
\ i^c :L\a!KTs '.'iri-U sUi-'MLr aCUN-HiC'-- .; ■ ^ < ■ ; n j ^ ! i ^ h 1 n lic 

^iM.iiM Lis: :-c'Li)n-;iiK-iuLi : it >ii ix- i n 1 {^Il'iih.'i .' ^''iik- .icKii ( lonj I 

Ml:' i..r (.■>::': ni[^k-: iU!L';i: lnui tiK-ir tL-Ji; ol m.'u-ikl- v'ls.ippc.irii'v ui , 
!c-.^s: iwiii'. t.^!. TliL-sL' s.nnt. :L-:k tiers cutii^i ctul in .icnN cly pui'>i;inu 
i I It k n< iwlc^lui' N -i- ii - a\ n s.ikc. TiiL" L'iT.lt iv c- tr-:ir! R'I' 1111 izlir [aIl- 

.1 I ''t . ;pp< M't 1:1 lU IL'-. to I ! H re 1 1^' t 1 K" Icil'! t'tiKT >Uhjfn^> 

; i t )' :::P s . i^^'fKL- .it. I ;^ i( iL-s Sfiivl^-nt in ; ^ t.-iu. w i! 1 l' ' !k- >. ! ki ni.L' 
■ ^ A ;u (■ 'm ;r\ ac^jiH i'l- (Ik* sa n r sl iL'n(. l- >n il !> ■ i [iP Miri.i 

tiMii c-xpr. U-.i MiiMi .! ^UL■nL•c■ pi-< )^[:i':nn JnX'Cicd spt-Li:. • \ :>'vv.n\i 

iri^ec < iiHo tini'^ \[ rl;^.- '-'T'^' k-.i^r. stiRlL-iUs' i\i c k^^ ■ ' 1 1 hi : 
c-\}\-! R-iiLL's V. i!I [hcni i-T^L-r .ipprc-L!.nc tiir miu 

• lit A • i/n !n Lml'C v L-.n's. Scu'iKr ■;scit is nmrc- likely U) ix j . i'. l-: ' .i> 
.ill !i;:cL:i\i! p.n-r the cU'incnur^ sclioul ,.urrtciiluin i-.tiiu-r ili.i.; .^s 
^cf>a;\i tL- SI t. , 

'P^.;K ilC'r -. !;[.! [[ I \n] ] l\ > V L' . i L' iM n ll ti- llSL" sC i ! U T f ' • ' ^ 

:i:pl!.i! :.r:iL'r U)!-ric\il:n- ^imU. As .1 i'cshIl. ihey rnli:h: >r^' 
iikrlv :m .iL-Mh .Ms.r.:rr ill it Micy ;irc n^ii .itiMiJ of ^.-icnfi'. Sur! m: v .mo. 

,slil i^ jin I.) \ :r\\ ^Llcn^e more t.lUitMhU-: Niol'r p^^^'M^(.' .• ^U's 

>\K J R :r 'lA iM t iK' r.ii't nt ^; i; Jc-fM s J K J Jk L .ill lU' L \p- ' > 
*s MofH-w til,.- ■\\L- piMUiLL's ot iisifm ■.Uf;Rc- .:(-:i\HiL-s .i.t^il , :; 
,,iiu.i ::M:iA > : insrrtKtiDn jiul to im:v::!-.i^ '"^'i eu rrii i; i n: . 

-;iTt.-.lw Id iIr ll[ipLT L' k' t 1 1 L" f W ; M" : " 1 s t o ! h. Pi I'y sjlool LLin'kU.. 

s^K-.. r\L'ti iH'fofVR- a' iw:: o! the ! 1 y' ex pci' tcMK e ot c^ei'v 

s[.., i:i J.issrooni 1:1 rvc-rv scli'x^l ili t Mis loli nt ry : 'Hus is 

> j;;i't"- rDss!!^i\ .■ . iix-.nn, hi;! it .1 liix am worth .h'tMniijiL:, a i iil \s or k to 
:ii.:ko tiir hreani a I'C'aiii^ vcitanilv hcservL-s our heStAfhwts. 



Kcterciices 

K- - ;■■ s, ; ■ M. i. ., ■ U\' .a : 1 . ■! 1 - .. : ' iic- 1 ,0 . m 1 ! : \ i ; rl " !ii 
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Does Rtliool Stienee Enlianee Writing Literaq'? 



Kenneth Fnizier 

North Olnisted llht^h ^dVoin 

North Oliiisted, Ohio 

Tlu- i.i^k of scieinitu- iitcr.uy t;' ■ ■[ snriciv is cause iur .iLirni. \ 2\ 
'\'\)L' uo.tis of scic iKc L-^-UiwUiDh A.< Ix-iilf:, ; rcwritrL'iT to place more 
c iuph.i^is <ui the- piob'lein oi in.iiiiiii.; leiui'Hc Iicct.uw | I | \'\o\\ 
ipi:;h: ( iK-^t 1 lew 'a is be {Mit iiHi ) [^iMCt Ke ai the local le\ el/ ( )ne ^'ery 
sdccesstu ! ex.im j : Je\ el< jf^eJ in r lie Nort li Olnisted, ( )hlo. [public aiui 
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p.irociiiai ^ch()ol^; has UmI an inij\ict upon tlic scic-iuil ic litcf.icy ot an 
L-ntii-c scliool population: Icrnu-d Projcci Write, it is a proi^rani that 
could be uiulLTtakcil in any scliool systeni or classroom. 

Pn)jc'Ci NX'ritc- is a svstL-m-vvi Jc |M-o,l;ra[n in svliich students at all 
Ic'vc-ls oF iiiNtruction cMii;ai;c' in a wide v.n*ic;ty of wriiini; experiences. 
Its lon[;-rani:e i^oal Is to liave students demonstrate a niastery oi 
writint^ skills and Ik- ahle to expand those skills to acceptable j-)ertor- 
mance levels in career-related fields; Its basic premise is that if stu- 
^lerus are i;oini; to write wcdl. they iiuist have opportunities to write 
uFten for various audiences in a variety of acadeiiiic subjects; Writini; 
is tati[;lu in eacli i;rade and in each subject, in rehitionsliip to potential 
life experiences and career opportunities. Short written j^ieces lor 
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varicuis CLliiLatioilal purpciscs :nx\rec][iiicd least cmicc a week in all 
acaLleniic areas. StiiLlehts are enLi>Lira^t;eLi tc) write with clarity; brcviry; 
exactness, K)i;ic, aiui with appropriare wit aiKl ^i;raee. All teachers iil 
the School system participate in Project Write. ( liiiJeliiies lor the 
program are sliarccl, and inservice traniint; sessions aie conciucted ior 
tile stall. An important point ol' this prot;ram is that each teacher and 
administrator is encoiira^i^ed to believe that he ()r she can make a real 
dil'icrence in helping; to improve students" writiilt; conlpeteiicy. 

Ainon^t; the many dii't'erent stratei^ies and technic]iies developed as 
pv\rr of this proi;ram are lists oF writint; activities that couKi He used in 
each area of the ciirricukmi: i'or the science classroom; tliese activities 
are listed in Table J (see pp. 86-87). liven thcui^h this ''s an extensive 
list of activities, Project Write is opeh-ehded. Many activities iiivolv- 
int; a particular set oF circun.stances at the local level could easily be 
incorporated. 

Project Write also involves local community members who come 
into tile classrooiii to discuss the writing; skills needed in various 
careers. I-or'Skaniple, a local scientist mi^lit visit a science classroom 
to discuss why a scientist must write with precision and to explaiii the 
dil'Ferences between scientific writiiii; and other types of writini^. The 
scientist rniuht alsc) show that writing style depends upon the intended 
audience: sciehtist-to-scieritist, scicMilist-tc)- public, and sciciuist-to- 
stiRlent communications all rec]uirc diilererit Writinl; skills. 

Project Write places strong emphasis on the development ol think- 
ing, reaciing; and oral language skills. Its strength also lies in its 
applicability at any level in the science curriculum, K-12. 

References 

1. .Stuik-r. J "riR- ' ircjt Sc iciiLC SU )U cli .u iv" KYu Wms ^'"(St: Seprcinher 1*->SJ. 

f 



Does School Science Enhance Language Literacy? 



Phyilis Huff 

I niversitv of Tennessee 
Kiiowille, Tennessee 

A sDcic'ty [iuit LlL-pcnils upon tL-clinolnuy tni" its c-conoiiiy .ilul its 
sin \ cjnn()[ .itTDril to imioru >(. ic-ncL- .is a basic. Yvi a sii^hiticMtit 
aspec t (){ tiic- scic-ncc- calticattir s lask lias lu-tonK- coiu inciivu tlic public 
aiul tc-ll()\v L-«.liiLati)r> thai >L"iL-fUL- is an important part of a basic 
pn)i;rani in tliL- clL-hiciuary schools. |-' 

()nc \^a\' to incorporate- >cicncc into the ha>iL L*lcmciiia ry >cli()()i 
cm ric uitMii is to ititc-L^ratL- scientific content an^l proccs>c> Into aii 
ahcuiy rcUiuni/cd brisic area oF the curricuknn, Lnvi^ua^i^e arts— 
reaLlini4. \\ rir i liu. >peak iiiU, a nd li>tenini; — through a techniiiue know n 
as the I.an_uuai;e iixperiehce Appi'oach. 

The i.an^Liat^e lixpericnce Approach io tLMcliini; the laili^uaL^c arts 
is a recoi;ni/e<.i one anioi^u eilucators. The child ex j^eriences a jTlienoin- 
enoil or an e\en[. tlien [iscs iai\t;uai;c to >liaie it w ith otiiers and to 
record it tor hi> owil li.^e at a later tinie: St tidies lia\e slio\sn that 
student.s tend to read more qiiiikly aiul witii more Comprehension 
when they read material tliat ( 1 : ^ a part oi tlicMr Hacki^roUiUh aiid il) 
i> written in a ianiL;uaue that thry understaiul. hani^uat^e expei'ietice 
propoiieiUs sav it > imply: "XX'Tat lie can >ay. he can w rite; what he can 
write, he tor other>/ can re ail. | 1 | 

Idemeiitarv teachers know that yoiiiiu children are m a statue ot 
Lie\elopment w here they need concrete experiences iii ()fder to build 
CoiicefMs aiui to form a hackuround For later learniiii;. (iliildren cannot 
undersi.Wid abstractions until tlicy liave a concrete experience base 
upon which to build. This is where science Fits easily into the lan^i^ua^e 
experience approach to ih.striicriofi. '\'t)UiiU children are ctirious by 
nature. The activities oF science appeal to this curiosity aiui proviLie 
the chikl w-itli somethint: concrete, srimulatini;, and ihteresrnig to talk 
about, read about; w rite about, and liear about in order to learn more. 
Throui;h activities that encotiragc exploration and cxL'ite curiosity, the 
chilli IS challen:- ■ learns U) meet and respofid tD challcni^c. \Vlien 
scIiooIn exch.i:.,.. type of learnini; For rote or "prtiuruiinied'* 

learnin^i^; tlicv cut off enthusiasm aiul the desire to learn w in^cli shoiikl 
be a lifeloni; trait;. 
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Mow Jo \VL- as sUL-iKL' L-clucators iinplL-iiK'iH :i l;in,t;[i:i^c cx{uticikl- 
in tliL- c'lL-niL-iuJ-vy curric uluinr' THc qiicsi i( )ii is easier to ail^wc'r in 
[lu-ory [lian to put itiio actual practicL'. Lcssoii dc'\L'lopinciu is iiot 
ciithcult: Prcpariii^[; ttaLhcrs iu-tomcs tlu- iuii\llL' to ck-ar. nuisi 
help teacllL-rs to realize that science is not a ditficult area tor theiii to 
teach. W'e inust show"' thein thai siiUple, easV-to-coiicitict ac"ti\ ities such 
as [>lantitii: se'.i.ls or measuring; air aiu) water teitiperatures are real 
Stieiice, and :.iat they tlo not neeJ scienntic jari^r)h (M-LletaileU kiiowl- 
edpe to cio acti\ itics with chikh-en. Science educators must he wllhiii^ 
to take their time, enert;y, and knowledge into the tield and work not 
only with teachers, hiit with school .idmiiiistrators; supervisors, and 
other area specialists such as readiiit; specialists, ('onveiiieilt direc- 
tions For science acti\ ities need to be gathered and/ or de\eloped and 
placed in rcaclily accessible local ions alon^L; with the materials needed 
tor carryin^^ out the activities: 

Ai first, many teachers need much encoiira^ueincnt; Init once they 
bet;iri to Feel seCiu'e, most become as entiUisiast ic and excited as tlieir 
stuclents. Insrrvice, collei;e le\el classes and work.diops on the laii- 
t;iiaL;e experience approach are ways teachers can be introduced to and 
enc<jura.ued tt) try oiit the approacli; Man\ teacliers rnit;ht benefit troin 
a live-with-kiLis Lienionstratioil or From actually attcmptin,*; the expe- 
rience For tl-iem selves. Ciroup sessions For devcltipiiit; lesson plans arc- 
also helpFuL WMiatever a pp ro/ich is used, it hn.'.st be d()i1e with enthii- 
siasm and watli tlie expectation that there will he tollow-uj^ m the 
classro( )m. 

The skills ileeded to translate science .acfi vitics into laIl^ua^e expe- 
rience are alreaLly used by inost ereiiientary teachers; These skills 
consist oF discussini; or tjuestionini; what wa.^ d; ;e, theii pl aint; the 
ideas into some written Form. A sample o/ Hie lant:uat;L a^iiviiies 
whicli mi^uht e^tilve From a science acti\ity o^uW\ inclucie 

• makin^i; won.! lists oF the worcis used or needed :n the activity 

• writini; Llirections or stories aboiit what the children did and what 
li.tppened., emphasizini; acciu'ucy anel setj lie nce 

• proLiucInT; individual booklets which could be used as text or 
rcFerences by others 

The 1111 pie n1en tat ion oF a pn)!; ram of lan^uaue experience tliroui;h 
science activity wouIlI exclude neitlier the basal text nor a sequential 
skills development proi^ram. It wouKL in Fact, expand aiid enricli stich 
a pn^r^rain by proviLlint; for more extensive readini; and wrinnt; expe- 
riences, more oral h^\^ua^e, and an increased listeniivi;, speak 
readin.u, and writing vcicabularv- 
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Di) We as Sripnce Teacfiers Influence Political 
Or Policy DecSs on Making? 



Doniild McGnrtly 
I MiversiU of r * 
Lincoln, '^el>i U i 

Glenn U. BerkheiilK r 
MiclMgail Suae I niversit^ 
fcust Liuising, Michigan 

i'o.lay wc/ ai-c; faced u irh .i challcnut; tt) inciXMsc- bi)cli i [ic ciuality aiui 
ciiKiiuitv n\ scic-ncc* c-clucation in ovdcv to help all students cIcvl-Idp ilie 
scientific and rcc!in()li)i;ical literacy they iieed to he s[iccessFul in and 
contribute to our present and future hii;hly technical Si)Ciety. 'U) i)btain 
sufficient public support to meer this challeni^e, we must modify our 
fundamenral ari^Uinent for science education to include pocketbobk 
issues. We h.ive a professional responsibility tt) help the^ueneral pub- 
lic to realize that "there is ah economic ari^umcnr for public invest- 
ment in education in i^eneval and for m^ithematics and science educa- 
>■ tion in parrictilar, especially in lit^bt of the country's productivity 
decline." |6| The qualiry and quantity of education have been impor- 
tant in determihini^ future i^rovvth; j 3 | Pi-oductlvity, employriicnt, and 
economic streni^th are clearly related to the quality of oui- educational 
svstem. n.Sj I'he report of the Policy (lonfereiice on Economic 
(irovvrh and Investment in hducarion emphasizes education as a prin^ 
cipal f.iCtor i)f prt;duction: "Iiconomic Ljrowth is generated not only by 
re.i^l capital in the form of t(H)ls and machinery, but also by men. And 
jus: as technoloi;ical improvements iiurease the efficiency of macbin- 
erv. so education increased the efficiency of i1ianpt)wer;" I M 

Scientists; eni^ineers. economists, government leaders, and educa- 
tors ai^ree that our present level of science and mathematics education 
in the'l'nited States is inadequate to meet present and future mdivrd- 
ual an^i s( ^cietal needs. "ScieiltifiC and technical literacy is ii.creasini»ly 
necessarv in our society, but tiie number of our ycuing people v.-bo 
lj;raduate from hi>^h school and collei^e with Only the most rildimen- 
tarv notions of science, mathematics, and technology portends trouble 
in the decades ahead:" |6| Hui-d speaks for all when he warns, "A 
majority of high school graduates will become members of the fastest 

102 



^i;()\viiit» inihority group iii cHc U.S., the scientific and tecliric)]c)^ical 
illiterate." .^-^"'^^ 

Pr()y)i()ti)2ii Public A iuireYicss 

In tlie U;S., die general pcibiic usually elects the policymaking 
school birards that must agree tc) signiticant changes within the 
schocils. Thus, board members usually reflect the positions, desires, 
and demands ot the general public. To increase the qliality and quan- 
tity of science eciucation in the schools to the extent needed, majt)r 
policy change within school districts is required. This in turn rccjuires 
tlic SI pp()rt i)F the general public. 

The gerleral public iliiisi: be inforilied t)f the severe individual and 
societal coh,sec]Liences of inadequate science education in a highly 
scientific and technological society. They must know that the achieve- 
ment level oi high school j^rad nates is declining at a time when an 
increasing number of jobs require more science and technical knowl- 
eilge. The general public must under,stand that t+iere is a direct rela- 
tionship between the antouht t)f e^lucatit)!! and emplt)yiTierit, prciduc- 
tivity, and the st^mdard of living. They sht)Ldd be warned chat the U.S. 
'"stands pt)ised ac the brink of an education and manpower training 
crisis that will ma^'c ()nr emergence as a world scientific and techno- 
li)gical pt)wer akin ti) the maiden vciyage t)f the Titanic." [6| 

Ft)r education tt) re.sporid tt) this cri.sis, it must Have .sup>pt)rt. Par- 
ents, the general public, and the young [:)eople in our scht)t)ls all must 
assume greater responsibility ft)r developing; an adequate science 
education: 

Ti) promote a broLully based public awareness c)f the need ftir ade- 
quate science education, we heed a natit)iial public iriforiiiatioh caiii; 
paii^n. We must make a convincing case ft^* the link between science 
education and standard of living, as measured by effective citizenship, 
productivity, and cmpj{)ymcnt: Wc must cc^nvincc the general public 
that science education is essential for.?// students. We must create an 
inten.se piiblic demand for .science ctiiirse.s {IVv ul! students in grades K 
through 12, 

The pubhc information campaign sht)tdd be solidly based on the 
general public perception of the purpt)ses t)f education: 

F^)r over 200 years the central purpose of public education has been to 
develop citizens capable of informed and responsible participation in 
democratic processes. This purpose implies that certain knowledge, 
skills and airitucies are needed by citizens tcj sustain and improve the 
social order, j 2 | 
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l^ublic cducatitiii, linked cUrcctly to sooctal needs, must reflect societal 
chani^es. The rate of societal clianL^es is r^apid during some periods ot 
tinie'and reaches plateaus at ()tiler times; Ours is a time ot rapid 
clKint;e and demands correspohdini;, iiltcilsive acruHi; 

lixlKDhinri: SS'l'A's VrAiticjl luiiucmc 

Over ihe past two years, >s!STA has [nade a st ront; effort to iil(lu- 
c-nce federal legislation related to science education. NSTA pa^t presi- 
dents Ocnald McCurdy aiid Saraii Klein eacli rest ified before tiie 
House Committee on Science, Research and Teciinolot;y; the Senate 
C:i)mmittee on Labor and Human Resources; and the Sen ;e Appro- 
priations CcMiimitcee; Subcommittee on HlJn^hulependent Ai^encies: 
They spoke on beiialf c)f the needs of science education and made 
specific recommendations for what shcuild be accomplished. 

Tlii>. testimony was aided by a iiewly developed data- L^athermi; 
system' whicii uses a stratified random sample of science aiicj mathe- 
matics teachers in the U.S., as well as samples of school administra- 
tors and placemeiu officials: The process has produced some siartlint; 
findini;s and should be expanded to prodtice an t/volvini^ data base 
rtined'to the pulse of science educarioil. Accessed via computer, it 
could provide a broad rani;e of information on the health of science 
cdiicatioil. 

NSTA must continue to extend and enhance its political in! luchce 
on the national and local levels of i;ovcrnment. If NSTA dex eiops a 
reputation for beini; accurate, it will soon be looked upon .. an 
appropriate and authoritative source of informaticui relative to scir h e 
cducatiiHl. Federal agencies and private foundations will rely upon d 
information in making important judgments and funding cleCision- . 

NS'I^A also needs a system for disseminating informatit)n about 
V<'ashington's legislative proceedings. Because tliere are so many Com- 
mittees and subcommittees on Capitol Hill, the task would be impos- 
sible for :my one person to handle alone. However, with its sahb^r^cai 
program NSTA is in a position to obtain relatively low-cost man- 
power which could be assigned this responsibility. The Associ:.tion 
should investigate a cooperative a rra ngement witl other scientific 
groups tosha;\. :iiis responsibility and the resulting costs. 

NST/^ leaders who are interested in w()rkiiig with their elected 
representatives on legislation and policy matters should be idetuihed; 
and organized into a netwiirk adequately representing all parts of the 
t '.S. Ihformation that NSTA received via the network could be used to 
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aiui k-iist cilMiilxl illolltiiiv ui" qUai'U-i iv 

riu)s'. u lu) aL;ii-c- U) part il ipaic in Hit.- i ict w ui'k woiiKl Ix- assii^nc-d 
ilir ropmiMhiJiu h)r <-siahiisliini; iiaisnii uitii (lu-ir coii^itsmik-ii or 
apprupriau- si all nu-n ilu-i" iii iIk- Lunqicssiotial ottiLc-; the- nni^jiic- 
I )rna 111 /a [ u Ml ot c\cv\ cnti^rc-ssionai otticc \viuild rctju i rc- siUlU" jii\c->- 
{i L;a [ h )n u > d(.-t(.aiiii lU- ilk- iiu r^t t it ic-ii t iiu/i h( )l1 tor clia h iicl i iii^ iiiloi- 
mac ion. I in j;ior(a iii { m )m ( ion si a tc-iiR-n [> pia^-parx-Ll N!-* 1*A on niaicci's 

. such as i\)L- IYml li rni; oI Noi is<. it^-iu TIko'" could lu- disi i ihuird (o 
appropriau- oitucs [Ih"oul:Ii tlu- network. Soon N'STA t.ould Ix- know n 
as [he lU-iji)!" \\)\cc toi' prccollci^c scic-iicc cducaiioii: 

/\ plausih'c- aLtl\itv ttw NSd'A in Uk- liiiiii^- Is a LoilL;rL-s>ioiiaI feh 
lou ship }^roL;rani. pe r haps pattL-i'iR-d atiei" du- oiu- LonLiucU-Ll i he 
Ainei lean ( hernical Socleiv ( /\(.S>. 'I 'he m>aLs ot du- A(.S pro^i'ani 
1. lo pro\ ivle an opporiunliy inv seie-niists to uain In'sthand knou h 

-e^i^e o( [he operations ot [he ler;isla[i\c (M'aiuh ot [he- tederal 
!4o\ I'laidient 

J. Co make a\aiL.'hlL' io ilie ^o\e'rnhxii[ an md'easini; ahiouiu ot 
Scieiuitic aik! teclinical expertise 

s. [( > hr( )aden [ he- perspeci i\ e ol ho[ h t he scien[ iHl and L;o\ eriinien- 
tal L oniniunic 'Cs ic^ai Liini; the \'aluc t)t iiucr aca ion Ix-twceti tliese two 
UiDisps 

()h\iousi\ rhese uoals would ha\c' to Ix- nioLlilied somev^hat to meet 
the needs (>t the science education cninintinity: 

FohtiLiAiis are constailtlv LontrtHitc' l\\ pt'opk- arid orL:ani/ation.4":': 
arremptiiVL; to iiiilueiue tlie deiis i( tii- niak IMl: process. NSd'A must 
tiiul a \\a\ to make its \i)ice utiitjiie aii'l au t hor it a t i \'e, liut ai.so join 
u 1 1 h ot her ( )rL;ani/a t ions in support 1 1114 t he com moii m )ol1. I he- ^i^rea ter 
the )i 1st i tucr ic y ot any i^roup: the ^E^rcatcr tfie pohtical intiucncc; A.s 
u L- C( )i Ic'Ct \ a hlahk' e\ ideiUc' pol lit i n_i; t( i a Coin sc- ot aci Ion. H beh - u ) \ es 
us to sliare iliis iin()riiiarioh with our colleai^ues lii (j'her scieiuitic 
ori^ani/atioii^. , u . . 

At present, on!" a h.andtui ot iiienihers in The (a)ni^ress ii.r/e a 
hackc;rouiul in scieixe \\'e ha\'e a Wiu, and iniportant job to lIo. ()\'er- 
tomiiiL: coiiuressioiial i nciit terence on ma' is s. t'-ncc* ; 'id scieiu'c 
ei^liicat Ion w ill hot be easy. The sUi^^estions iii tilis p^ip(-' will recjuirea 
lof ot v.ork aixi iledjcat Ion. but we will l^e accomplish in;; 't liese i^oals 
'jor onlv tor oursel \ es or tor the science educat ion com mu niry, but inv 
fix- C( )Uii trv as a whok*. 



lOo 



References 

A>M.LLition tor j^tutiuiUK ( n-..iu'r-inoh iiiul ix^ c-lupineiu ( -'//c'c '/c r n;; 

Bylx-c, ^' "C iti/cnsliipMiui luluuitu.n " '/'/:< .hfum^m /i/M/.Mjj 7c./c/u r i UM; 

U)SJ. . . ... . 

IXiiiiison, i: l- "riK' liucrniptiori o\ PnuiiiLtivity (.rowth id the; rtiifcJ States. 
Wiper prc-pjrc:! l..r ( .Jtitc rciKc ot flu- KiumI iio>iu.niic Suucty, July I-oiuloit; 

l^iinkiiul : . . .. . .... ■ 

liunl. P.O. ■Si.itL' .>t i^rccolic-i^c lulucMtioii m M.i t hctii.it k > atul Sck-iilc. ' Paper 
preseiuua at National (:.)iivetitu.n Prc-.oUci^e IMiuation in Madu-rnatics aiui 

Science; Nlav r>s:. \X\isliin,utoii, ... ... . 

MaLlilup. V' n>t_rnJuil!nn u>ui irtVtnlndrnn r,t Kfinu UJ^c in //u I'nitcJ Stjics. 
Prim.cion.NI.: Frinccioii t 'i1i\c'rsity Pres.. I'^Si. 

Natiohai ACaClciny ot Sciciucs and Narional Acadciiu ol l-ni^UK-criiii; /^l^^"'^: 
,VU//>c ! the Sihnnl\: Report nf KjVni ncM^nu. ^^i>llini;toM. D.C: National 

A. a.k-niy Prc^s. ^)S2. 

National Science rounaatioii aiul I' S. IVpartna-nt ot liciiuation. Saencc 

l-J'uMtnH fWr the !^}S0\ mU Iwy^n^L j K.pnn :<> the Preudenl . 
WasliiniLton. !'-).(:. : I' S SoveriiiiK-ht i^rihiiii.u OMicc-. M^SO . . 

Schuh/, T V<'. /;;: es tin^i in Verrpie: The lU-unn 'fme\ 'n't V' puLitwu Qu.ilU} Hcrkclcy, 
CM.: t ■ riU-er-sity of (iaiifornia Pros, P)S!. 



ERIC 



Part III 
A National Laboratory 
For Seienee Edyeation 



97 



107 



Part 01 
A National Laboratory 
For Seieiiee Education 

Robert E. Yager 

The University of Iowa " 

Iowa City, Iowa 

Bill G; Aldridge 

NSTA Executive Director ^ 
Washington, D.C 

With Contributions from 
Andrey Champagne . 
Kenneth W. Dowlirig 
Peter Gega 
Bonnie Parr ^ 
Syh'ia Shugrue 

Primary rc-sponsibilici'L'S iA scHot)! science include helping students 
understand the results, (-i' scieivrifrc research; assisting them in their 
uhdcrstaiidin^ of the interaction, oF science and society necessary h)r 
such discoveries; and helping rhcm recoi^nize tlie mutual interaction, 
support, and coristraihts th:it science iind society have upon each 
other. But science education is rn)t confined to the classroom: it is also 
concerned with inperpretinj^ scie-ncc to the rest of society, and with 
helpin^^ scientists understand society. 

Such a view i)i science cdtication requires broader i^oais for school 
science: analyzint; and understanding; science as a means tor satisfymj; 
personal needs; considt-"rir\£; tnajor S()cier.d issues ot a gux-n tune; 
providini; career awaoj^iess over a wide spectrum oi career possi- 
bilities: .. .. 

Since science ed[icarioii is itself a scientific discipline, it must have a 
base of scholarship. A ileNv focus on research and development in 
science education is imperative. This research and devf.'lopment focus 
must respect the scientific discip'ine constraints while usin^ rchiced 

^ 108 - 



100 YliARB(X)K 



research findings and procedcircs. This ncAv research effort must be 
designed to affect public Understanding of science as well as public 
ability to deal as citizens with matters pertaining to science and 
tcclinoiogy. 

But new research and development requires more than money — it 
must involve time in people's schedules. Most science educatit)ri re> 
searchers tod;?y have a multitude of training responsibihties, service 
commitments, and administrative tasks so that they will not be able to 
respond adequately to infusit)n t)f massive new funds. Nt)r can the 
situation improve with funding For researchers arid developers who 
are Unacquainted with science education or the public needs. 




A. A NATIONAL LABORATORY 
FOR SCIENCE EDUCATION 



7\ narional bbi^ratory tor scjencc cdtication is envisioned as an 
imp()rtant solution to the critical priiblem associated with Americans' 
low level of scientific arid techriological literacy, Siich a laboratory — 
pcM'haps located in our nation's capital— would parallel the several 
laboratories that exist in the various other fields of pure and applied 
science and would establish science education as a le^itimare discipline 
W'ith specific ]^oals and a delinable research base: 

Five features of such a riatiorial laboratory for science education are 
proposed as essential: a K-I2 school, think tariks, a developriierit arrii, 
a research agenda, and a communication network. 

1. K- 1 2 ScbooL The national laboratory for science education would 
incl.ude .students at a variety of ages and levels. One component would 
be a traditional K-12 school witli students at a variety of levels of 
development, academic potential, arid interest in science/technology: 
The staff vs^'oiild iriclude some key permarierit staff while relying heav- 
ily upon rotating staff — many to come from colleges, universities, arid 
schoc^is on internships or sabbatical leave from their ht)me institu- 
tions: This laboratory school would Be free of the constraints often 
imposed by a host institution. It could seek out students and could 
capitalize upori ideas, ex per ie rices, arid research coriducted riatibrially. 
The emphases upon rotating staff, identificatiori of problems, the 
infusion of new explanations and new models for testing them would 
enable renewal, intcHectuai vigor, and impact upon science teacliing 
practices throughout the nation. 

The laboratory would riot simply coriceritrate on gifted students or 
on those with special interests in science arid/or scierice career aspira- 
tions. Science magnet schools are often sin^l<. purpose schc)c)ls focus- 
ing upon enrichment and acceleration for students already directed to 
science and science- re la ted careers: in a sense, these single-purpose 
schools are a detriment t() solving the prc)blem of an appropriate 
education for all citizeh.s iri a scieritific/techriological sc)ciety. Children 
{)f all ability levels, interests, and races need to be included iri a typical 
mix of Americans for the school to work to maximize relevant learn- 
ing for Viti children: 

2: Thnik Tarik Opportunities. The laboratory should include groups 
that function as think tanks: The laboratory would provide a place for 
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thinking, d)rircmplatini;, and debating; ii could provide a place for 
creating conceptual design studies, as wcU as for planning tests to 
evaluate new ideas. 

V A DcnjTnpffioit An/r The hatit)tial hiboratory in science educa- 
tion should have a development arm as well. As information is pro- 
duced. pr(K(uv-pe Hiaterials coulil be developed for trial in other set- 
tings, such as schools, museums, and television. The development ai in 
could be an important ingredient as new theories for curriculum and 
instruction were developed. Such rheories Lirise from observed suc- 
cesses, failures, and trials. 

-1. A Research Aiicndd. In a well-managed program of science edu- 
cation rescarcli, an essentia 1 feature is an infrastructure rhat brings the 
products of research to beir t)n science educarit)n policy and practice: 
Conversely, this infrastruc turc ensures that the goals of the research 
program reflect the ihforiMatitui needs of pulicym^ikers and practi- 
tioners. The reasonableness oi a prt)posal is estabhsiicd on the basis of 
need and the quality of the res-arch plans. The delineation (if need for 
a program c)f research includts descriptions of the success of past 
research efforts, prc)jected knowledge requirements of the Held, and a 
discussion of the value of the products of research. The quality ot the 
research plan is determined in part by how it minimizes or avoids the 
pr()blems of past programs of research with similar goals or adminis- 
trative-characteristics. 

An !mpt)rtant Contribution tt) t)ur understanding of the problems c)^ 
research planning arid evaluation is rhe dcscriptit)n of the many faces 
of social researcii as desrribed in the National Research Councils 
report. The Vcderul hiicsnncnt in Kriouiccluc of jovial Pn^hlcms. 
j V O The authors of this reporr redefine research and development as 
knowledge production and utilization, and they describe .ijariety of 
activities under these twt) headings: knnwlvdv^e pruduction — x^^^^<^\^ 
on problems, the collection of statistics; evaluations of programs, and 
demonstration projects aiding the formation of policy; and 
.//)/?//n?r/r>^?^demonstration projects aidirig the implementation of 
policy, the development of materials related to problems, and efforts 
to synthesize, disseminate; or use knowledge of problems. | 3 | 

There are many differences among types t)f research activities 
listed. Including the specificity of practical return expected on Mic 
investment in the research and the time frame for the expected prac- 
tical return: Thus, what Is commonly called basic research is viewed as 
long-rarige research on problems. Basic work tliat investigates the 
natufl; of scierice learning, for example, will not— and should riot be 
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cxpcctctl tD—procliicc cichinnscrablc rcsiiics ill ilic sH>)i;c tcrili. | 3 | 
H{)\vcvcr. the results oF otlici* kno\vlccli»c priuiiicrion activities, siicli as 
research to collect statistics; should be clear K de n ions tra hie In th.e 
short term: 

Another iillpor:ailf ciitKreilce iil kno\\ ledt;e priiduction activities is 
the tuhctir^h U) He ser\-ed by the knowledge produced. 

Pny^^rjy/i \upp(.r-ti}i]^ activities oHer information to meet the short - 
run, limited, and well-speciiied requirements ot opera tint; programs. 

P<dii'\ ■pirrnrn'^ acti\-ities offer intormari()n that could Iiclp in mak- 
iiii; policv h)r a U)rll;er period ot time. 

/^;v>/;/c';// c.v/;/o;;;/y acti\ ities oMer a deeper understandiiig ot pri)b~ 
lems that ma\" help to define policy options, even if no specific prob- 
lem or policy needs were initially in \'iew. 

Kriou !iii)^c hnMviii acti\'ities enlarge the resources of knowledge 
or iiieth( id. with applicat ioris vo the understanding of prcjbleins, the 
forming of policy, or the operation of progranis that are \'aried, diffi- 
cult to forecast, and typically long run. | 5] 

A mt)re thororgh analysis of knowledge production and utilization 
activities with respect to science education resc:irch could be expected 
to infcirni debates ab()ut the value Of research; to guide ari assessment 
of the effect! \ehess of pas^ research efforts; and to infcirm the plan- 
ning of rt-scarch efforts. The distinctions among research activities 
illuminated by this analysis allow planners to ask questions such as: 
What pcjrtion of research shotdd be devoted to knowledge production 
arid knowledge utilizatiori activities? 

To the science educator, the breadth and depth of the documenta^ 
fion and analysis proposed here for a science education research pro- 
gram might seem Lmnecessarijy extensive: f*or the most part, science 
educators regard rescLirch activities as intrinsically vakiable and argtie 
that science education research has had deinoristrable effects ()n teach- 
ing practice. Hovvever, if a major program of research is to be insti- 
tuted and maintained, the science education community must be pie- 
pared t() enlist the support of others: \Vc mtist be ready to counter the 
arguments of the critics of educaticuial research in general and of 
science education research in particular. The field Unist be ready t(j 
provide policymakers with the information necessary to justify the 
allocation of resources to research and to provide- government re- 
search managers with specific recommendations, both for the sub- 
stantive research agenda and for the mechanisms by which research 
pnigraiiis caii be effectively rHariaged. 'I'he attainmeilt ()f these (ibjec- 
cives requires thdt we be well prepared. 
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3. A Cnmm7imv.:Uof// Dtsscwni iti(»2 J.whuiic or Kctu ork: The re- 
sults of the laboratory efforts could be released as national reports for 
others to i se. to test further, and to tailor for local needs. The natitHial 
laboratory could be used to aimmUnicate the outcomes ()f c()nfei-ences 
and mect'in£;s, the results of research, the products of development, 
and the experiences of the staff. Such communicatitin \v(juld provide 
direction for science education Avhile servini^ as a direct link between 
research and practice. ; ._ 

This C( mmunication netwtrk mit;ht take several forms. As iHus- 
crated in California, 7 .'./c/u';- Ccmcys could be one link. Cal" 
fornia has recently enacted an inv^-stment in People Program ^ 
improve science, mathematics, and compurer education in grades 
K- 12. I 2 I Most of the money put aside for the proi^ram will be used to 
set up and run 15 ret^ional teacher education centers, to provide for 
staff development, and to fund exemplary instructional development 
projects. In these centers it will be possible to foCUS on proi^ram 
*,l3j^.^fivcs~that is. how to tjach to (Ibjectives. with much teacher 
siiarint; of ways to overcome problems that arise. The. most effective 
staff cievelopment seems to happen whcMi the inservice program is 
shaped by teachint^/learnini: objectives rather than by professed c.lefi- 
ciericies in teacher backi^round. motivation, or other personal charac- 
teristics. Teachers who see themselves as i;enerally "not ready^' to 
teach science are Unlikely ever to feel ready. 

Another linkage system could be the establishment i A sc}culc ^rsouYcc 
vvntcry. These centers would be geoMraphically and demographically 
distributed in order to provide services to all children; ahd could be 
housed at existing regional facilities such as Cooperative Hducaticinal 
Services sites, college/university campuses, museums/science centers, 
or industrial parks. 

A science resource center would be manned by a permanent staff 
large enough to carry out the directives (if a science advisory hoard 
composed of parents, teacheis, school administrators, scientists: and 
science educators as well as representatives from industry, business, 
and government. The responsibilities of such a board would include 

a. clarifying the goals and priorities of science education among 
parents, future employers, school administrators, and teachers 16| 

b. identifying the programs and teaching methods, the outcomes of 
which are congruent with the goals 1^1 

C recommending services which v^ould prcHiiote the stated goals 
d. suggesting and c;)ord;nating evaluations to measure the effect of 
specific programs t()ward mastery of stated goals 
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c. providing guidelines For a vigorous, ongoing public rciacioris 
pre )grum 

r. idehti tying and cataiogiiing avaiiable regional science resource 
materials thardNv-are and soCtware) 

g. coordinating a mini-grant pro^^ram to encourage Conimunicy/ 
pareiit;/ teaclier initiative in implementing innovative, inquiry- 
oriented science projects 

The science resource center staFF would implement the pri()rirics 
and g()als ()f its advisory board through such activities as 

» presenting a scries oF lectures and iiands-on science demonstra 
tioris For parents aiid children 

• involving c\)niinuriity representatives in the design; preparation, 
and dissemination of hands-on inquiry science kits f()r use by students 
at home or :ii the classroom 

• invciiving regional agencies in the design and construction of 
hands-on conceptual displays in science to be used by community 
organizations (Scouts or cc immunity centers; For example) or by 
teachers in rhe instruction of ihquiry-{)rieiKed science 

• providing workshops to prepare parents, senior citizens, and 
other interested community members to serve as science resource 
aides in the implementaticHi cif inquiry-oriented science projects 

• providing iriservice, ChaiitauqUa-type i^hcrrt courses in science tor 
parents and teachers | 1 | 

• providing scholarships to enc{)urage attendance by parents and 
teachers ar state; regional, and national conferences for science 
educat()rs 

• coordinating a team approach tt) cl assroom research of science 
concepts and methodology 

• providing recognition and reward to teachers, parents, industrial 
reprcsciitativcs, science consultants, and lawmakers who have deiiKiri- 
st rated signiFicant leadcrsiiip in the field of science 

• coordinating a public relatitins program to publicize goals, ac- 
complishments, concerns, arid everi the ultimate Favoring of serendip- 
ity oF science instruction 

A key feature oF these centers W()uid be the nurturancc of a cadre of 
master teachers of science. Tliese teachers woidd have a special inter- 
est and training in the sciences. The group oF specialists woUld be 
detailed t() give assistance to the classroom teacher in the planning 
arid iriipleriieritation of science study units. 

A third potential linkage riiight be through armprvhi'nsivv venters 
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Focused oh tcaclicr education. Wc know that scliool science, more than 
any otlicr curricular area, is iiiurticliiiU-nsional. T() be complete; tlie 
science curriculum must emphasize tluee coiiipohehts: ctinceptS in the 
biolouical; physical; and liarth scicnc-s; invest ii^ative problem solviiii;; 
and the interacritms of' science; technoloi;y, and society. Students learn- 
ihi; scieiice ii1ust.be invtilvcd in cleveiopini; and assimilatini; science 
kno\vledi;e in developing proce.ss competence, liicluding mathematical 
application: and in making value judgments. Teachers niiist manage a 
variety oF materials and equipment, oFten including live s{X;cimeiis 
and hazardous chemicals; and must conduct valid demonstrations and 
investigation' Admiilistr.it(>rs must give strong support to \ -ovide 
p.-ofession..l time and money in excess c>i that required in otlK-i: 
pr{ )grams. 

Traditionally; the res{'n)nsibility For implementing and maihtaihihg 
this complex prcigram has rested primarily with individual classroom 
[eachers, who have been prin'ided with limited resources and limited 
interaction with colleagues working in other science courses or other 
levels oF science teaching. I'ven though a support system Can be pr()- 
videcl tlirougi^ departmental organization or specialized curriculum 
coordinators, this system lias rarely been successKil. 

A comf>rehensive center, Focusecl an teaclicr education, would have 
two main objectives: (1) to help scliools, thrcuigh tiie cdtication oF 
their instructional, resource, and supervisory persomiel, in devekiping 
their capacity For selF-improvement in science and mathematics edu- 
cation, and (i) to assist the efForts oF colleges and universities in 
developing, as part of their regular activities, more eFFective programs 
For the preservice and ihservice education oi science and mathematics 
teachers. The residual eFFects oF such comprehensive prcigrams arc 
wortiiy oF consideration. Although initial objectives will be somewhat 
difFerent, it can be expected that a cooperation that did nor previously 
exist will be established between governmental agencies, higher edu- 
cation institutions ( including community colleges ); and the public and 
private school systems. 



B. CONTRIBUnONS OF A NATIONAL 
LABORATORY IN SGIENGE EDUCATION 



A national laboraciiry iil sciciu-c cduc:iti()ii cutild provide a link to 
the lar^ucr c(Mnnuinity and to other professionals in ediication; Adult 
cciucarion could be involved, especially since current research indicates 
that such experiences are nu)re successful than schoohbased ones ih 
resolvin^i; sciehtit'ic illiteracy: The connection with administration, 
curriculum experts, business officials, health professionals, counselors, 
ancl teachers i)f other disciplines ct)uld be studied. 

Nfodels of excellence could be defined, developed, publicized, and 
pacl^aued f()r transportation to other settings. The exemplary situa- 
tir)ns could be identified, as well as rlic prt)cess involved in transport- 
ing materials and approaches. Perhaps mtJre than any other, the need 
in science education is for the identification iA excellence from a 
variety of perspectives, a description of such exemplars, a review of 
their development: and a study of the support system necessary to 
majhtairi excellence. 

Recognition is one of the mt)st potent motivators. Recognuion of 
excellence could stimulate use of proven techniques and approaches 
rather than many of the otlier ct)rrectives for science teaching cried 
and tested by NSF between 1955 and 1981. such as the production of 
hew c<jurses; the isolated improvement of subject matter preparation 
mostly by teachers (as badly as this is needed); or the procurement ni 
new and more laL>oratory supplies and equipmenr: 

iistahiishing a national laboratt)ry for science education is the most 
impcirrant single action we ct)uld take tt) alleviate the prtiblem.of 
Americaris' lt>w level of scientific and technological literacy. More 
research conducted in tradititmal settings and translated in cWd ways 
will not solve the ipost pressing problems in our time. A permanent 
national labi)ratory could provide the prestige; the needed time and 
mix of researchers and practitioners; the commuhicatitin mechanism: 
and the person-p' )\vcr to meet the extraordinary challenges of achiev- 
ing a well-educated, scientific/ technological society today. 
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Appendix 



NSTA Position Statement on 
Scieriee-teehriology-Soeiety: 
Science Education for tfie 1980s 



Preiirnbic 

Science and technolu^ry ini'lucncc fVL-ry aspect oi our jives. They arc- central ti> onr 
welfare as individuals and ti) the welfare of our society. All arourid us are.exanlples ot 
the importance of science and technology for production of food, water, shelter, 
clothing, medicines, transportati(jri, arid various sources (if energy: There are an 
increasing number. of science- and technology-related sucietal problems as well as 
increasing societal beriefits. Scierice arid tcchriology are central to our personal and 
cultural wclfarev"^ to many 3(jcietaj problems. We must insure appropriate science 
education for all citizeris. . 

However, the quantity and quality of science educatioti for all people are riot 
corrirrierisurate with the status of science and technology in society. When one would 
expect budgets, time spent on science-related subjects, a_rid support for scierice educa- 
liori to be increasing, they are decrca.sing. At the same time these factors are declining, 
six:ietal problems continue to require an understariJirig ()f scierice arid techri(3logy: 
The burden of response rests heavily up(jn the shoulders of j// persons associated 
with science endeavors— scientists, erigmeers, classroom teaChers, other educators, 
and school administrators.. Many of the problems we face today can be solved only by 
persons educated in the ideas arid processes of scieriCe arid techn(jlogy: A scientific 
literacy is ha.uc for living, working, and decision making in the i980s and beyond. 
•. There is a crisis iri sCieriCe education: The following science-tcchnology-scKiety 
problems demand immediate attention: 

• uriderstaridirig of sCieriCe arid fechriology are central to our personal and national 
welfare, yet public appreciation of science education has dccliried; 

• iricrcasirig riiimbefs of individual and societal problems which have an impact on 
the quality of life are related to science-generated techritilogy; 

• as the impact.of science and technology on society has increased, the support U)t 
science education has decreased; 

• compared to its recent past the United States has fallen behind in the production 
of scientific and techriological goods arid services; arid 

• .w(vmen, minorities, and handicapped /persons are under re presented iri nearly all 
professiorial arid teChriical roles iri sCiericc arid tech rio logy: 

Declaration 

The goal of science education during the 1980s is to develop scientifically literate 
iridividuals who u rider stand how science, technology, and society influence one an - 
otuer and who are able to use this knowledge iri their everyday decisiori making: The 
scientifically literate person has.a. substantial knowledge base of facts, concepts, con- 
ceptual networks, and process skills which eriable the iridividual to continue to learn 
and think logically. This individual both appreciates the value of science and technol- 
ogy in society arid uriderstarids their lirriitatibris: ' 

The attributes, listed below help to describe a scientifically literate person. Hach 
attribute should be thought of as desCribirig a continuum along which the individual 
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mav proi^rcss TSic [ir-)urL-ss t!ic iiuliviaual's sCiCiiLC L-diic.i(i;)ii slum 1^1 he cqiMJcd 
with" i^rnufcss alnrii; tins coiHinuuin. ... 

The SLicntiiicMlly mk\ icchholo^utLally litL-rafL- person: 

• usessdctiLcuHKcpis, pn)c;ess skills, a ikl wilucs in niakin.u rcSl>Misil% evet^\^^^^^ 

• uiulcrsianas lu>\X stKicty intlucnCc-s sCiriKe- and (cchnnloi^y as wl-M as how sciciKc 
.nui (cti.inolo^uy intiuciiLC soLicty, 

• iiiuicrsMiiils that ,<icic-ty Controls sticiuc and icciinoioj^y thrtmuh the alloLation ot 

rcsouftcs. _ _ . _ . ... 

• rccouni/cs tlic Hiilitatior.s a>, well as the usct'ulticss ot science ^md teclinolouy in 
ajva.nciiii^ iunvian weitare; 

; • kh(i<Cs {he hiajor Conccpis. liypotheses, a:ul 'jreories ot science and is able to use 
tlicm; 

• appreciates sCieiue aiul tednu.loi^y tor the inceliectual sMnuiIu> rii<:->_Pf.^.'V^^l.*^.' . . 

• unJerstaiuls that {he .ueneration ot suenntiC kMiowleJ.ae Jeix-nds upon the inquiry 

process anct upon conceptual theorie*.; 

• th'stin^uuishes between sLieiititiC evi(;leiiLe and pers<)iKiN'piiii()[i; 

• reco;:iii/cs the orii^m of science aiul uiklerstjiuls that scientific kiiowledgc is 
teiiiative aiitl siiliject i<) cli.iii.ue as evidence accuinulates; . 

• LUuierstaiKls the apphLat lotis .>t cec hnoloi^y and tlie de. i'doiis eiiiailed in the use 
»)t tet lin< »1ol:v, . _ . 

• has sutti.ieiit knowledi^e and experience m appreciate ihC w oi thi iicss . )t reseaivli 
and tec!nioli>^k;il develo[-)nient:. . . ...... 

• has a ru lier and more excitini; view ot the world as a result ot scieiiLe education; 
and 

• knows reliable sources ot scieiititic and iechnolo>;kal intormatioii and uses :liese 
sources ill the process ot decision makint; 

Rec'onlnU-ndatiotis for K-\l Griule Levels 

Science should he an Itue^r.d part ol the elememary school pro;;rani. lc should he 
used to inteurate. reititorce: and enhance the other basic Lurricular areas so as to make 
learnniL: more meaninvitul tor children, 

A caretullv platnted :md articulated elementary science curricuUim ^hv'^'l^l P^;*',^.'^'^ 
daily opporcuntties h.r the seiiuential developinctu ot basic physical and lite scieiue 
concepts, aloiiu with the development ot science proc;ess and incjuiry skills. 

Hlementary science should prcivide (ipptirfuni t les tor luirturm^; children's natural 
ciifiositv. This iielps thein to dt?velc;p confidence to question and seek answers based 
upon cvidetue and iridependenf thinking. Children should be given an opportunity to 
expl.ire and uivestigaTe. their world uang a hands-on approach; with instructional 
niaterials readily available. -- 

The focus .,t the elemeniarv science program should be nU tosternig.m children an 
understanding ot: Jn iiiterest and an appreciation of the world in which ilu-y live, 

MulJic ju)nn>' lln^^^^^^ 

I he middle junior hmh school science curriculum should lie designed to aCCimnlt.. 
date the needs and learning styles of the early :[dolescent. Students should he provided 
with daily opportunities. espK.re science thrtuigh reading, discussion; :ind direct 
learning experiences in the classi-ciotii; laboratory, a nd tield. 

Middle iumi>r higli schi.ol science should contribute to the developnient ot scieniit- 
icaliv literate persons and ii<H simply i^epare them for the next science C(.urse_ 
National suicites have sliown that often middle/junior high school science is designed 
to prepare students for liigli scIi.m.)1 biology with no etiiphasis on physical science, hi 
-uhhiion stuclies sliow that fewer than otie half of the junior high students g(.ing on to 
hiuh school take chemistrv and physics. Tiierefnre, it is imperative that an important 



tliriist Df MiiJJii;- jjuiidi liiuli stlini)! Sciciicc he (<iw;ii\j tlic pli\^i<;:i! Mul lijrtH sUC-iiCc-s; 

Niiddic junior liiijli ^Lhtx)! ^tin-lc-iits shoukl contiiiuf to l1c\c1<>J'> scic-rKc jtcjCcn^ 
skills .iiiel ContciK. Middle jiinjor hii>}i schotjl sciCilCt- slioiiKi t-n1ph:i.s|/:c- t\\v jj'p/il'j ■ 
:i'>n \\ both skilN and coiitciu cIk" students" person. il life situations anil enable 
stutlents to bei^in ex.iiiiiiiid^ societal issues that have a stientifie anif lechnolo^ical 
liasis. Midille jiiiiior Hiyli school snideiiis iieeJ tt>. ;/'/'/; 'a !iai iliey have learned sooii 
after their instruction to insure the lastinu value ol the experience. 

///L,'/> Si'/} 'to'/ .Si7t'/;t.\' 

I'lie Jiiiih sch<M)i Science l u rrit ui im n sluuiid eiial^le siuoents tt) hii ther devel'.)j') :heir 
scieiitifii: aiivl teclii itiKii^ical literacy Cioiirses iiiLtirpciratiii^ uelh*.!esli;iied l.ihoraioiy 
ani-l fieki vvork Iiclp to meet fliis need. - 

halanced core of t\\<> years of sueiice slioiiKI he retjiiiied of j// siiideiils, coiisistiii^ 
of one year of life scietice and one year of physical science — lioih tauuht in a science- 
feclinology-society. Context. The CoiHSes shoiikl pro\ ii:le '.aKienis with < ippi irt liiiit ieS to 
ilevelop skills in ideiiiifyini; scienee-hased societal prt)hieni.s an».l ni nuikinu decisions 
abtuit tlieir resohit ion, 

Stuilents i rite rested in exploring or jireparini; for careers in science, en^ineeriuL;, or 
teihiiical fielsl'^ shouki have die ojijiort unity to_ take addit it uia Mist ijiline-based courses 
iii advaiiced binlouy, clieniisiry. jihysics. and l-artli stieitices. These coi,irses slu)u!d be 
jiknineil aiul sequenced to take a*.l\anta,ue of the stu».lenis' intieasiitg command of 
in.itlieiiiat its 

• i.t)vver elementary level (^railes K-Sc a minimuin ot 1 ■ hours week oi science 
;:-shi>uId ["Je requireii. 

• I 'pfier elementary level ii^rades l-ifo: a minnnuni of J ■ hours week of science 
slioujd he retjuireti. 

• Mid<.lle junior lii.uli school level lurades .[ mihiihiirn of 1 hour d.iy for at 
least 1 f ull years of science should be retiuired of all soidents, 

• Seiiii>r lii^uli school level i urailes ! 0- 1 J ) : .i iiii hi i iiii iii < if I luiur per *.lay fiir 1 fiiH 
years of scienee sliould [le retjuiretl Tile courses si u mid represent a balance of plu sicai 
ajid life scie rices: 

l-./iiph,nt< nn prtii^r.n/i \ lt>r ,tll \tnJt>!t\ 

• In elerheiitary. middle, junior, and seiiit)r In^uli sclithil ui\ides. science education 
pnri^ranis shmdd j')i'o\ ide b.isic concepts for .ill students OjTjiortunities slioukl lu- 
av.iilable for .stiiileiits with liiv'erse iiuerests aiul oiiiii lit iiiei its, iiiclLidiiii; stlitleiiis 
with excepriorial interests aiul talents in science. 

/'////)/'./ t/t nfi \L!c>Ui cdtnjtinU fiff t hi jJult CC'/t i]UiLlt i' >U 

• Sclmols shouM jTfoviile etiucational opj-)or t un i [ ies in science inr .ill the .iduli 
pojTU.!.it.i_on in their comniiiriity. 

• (.olle^es. universities, .liul n.ition.d uri^aiii/atioris should liicrease emphasis on 
science etlucarit.Hi for aduirs through jTublic lectures and .emin.irs. 

• 11. e iiiipiiit.iji f coiiiribiif iiiiis of i)iit-of-school edLiCaiioii proi^rahis siicli .is liiu- 
.seums, TV, pl.inet ariums. and i^oos slioukl be reco^ni^ed and utilized by all those 
involved; 

i-mphAMK nil :'i->L pny/t \\y'>yi.i/ Ji !i-/'>p>y/t fy: yy/ w7'e;/i'c /e./i/'f-i ti-yntyyh yyncnhc 

"ppnrinnitii. \ 

• C!olleues. lirii vers! ties, arid oilier a^ueiieies si it iii Id develop teacher' ecliicat it)ii arid 
inservice educatrtJii pro^crains that are Consistent vvitli this policy statement. 

• School distHcf.s shoiild provide oj>p()i'tiiiiities, eticoui'aueiileiii, aiid redi^hitioii 
for te.ichers who niaint.nii a hij.;b level of professional c'onipetenee. , 
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1 ij ArPi-N[)iK 

l-.tnprVnU '>u t.ii">r.U'/K \ ..{H>/ f:^ A/ Ji.'n in. \ 

• iik-inchtat-v Il-vcI Ltnorjtniy ;iiul fiC-lci :iCLivitir.s slmuM scrcss t he i!cvL-i(/ptneni ni 
h:i.si( iiU|(iirv skills .. . ... 

i MhUIl-' juiuor lii.uli scM.m)1 Il-vl-I Kibor.itory .iiul hL-M..'.ctiviuc.s sluniki stress rhc; 
:ipplicati(>n .ind c-McnMou .»t inciiiiry Skills as a nu-aiis ot ohtainin.q ktiowk-dgc and 
iCM>!viii_i; problc-nis. . .. . . . 

aaiiiisition l<rii)\vlcdiic; but also problciu solviiii^ and Jcosioii niaRiii.u. 

Jculofr^yi! .... ... 

• Stlinois >ho;i!J pr-vi.lc ( .bj.x ( i vc-s, ointctu, aiid instructioiud stratc;uK-s [hat arc 
ippr(.j>riatL' to the sfudcru''. si.[..:l-(.I iiu'iitai. mmal. and physical dc^ c lopriuMlt: 

• Varying; str.i.ci;'c-s and materials should bo provided at. all .rrades :( . accnniinodate 
^.fddchts'uifh vjn,',-s levels ot leamini; skills and nierUal developnient: 

• jnerneiifary level. inil.i'iui-v \\[ S percent VA science instrvictinh sh.)uld he 
iirected toward seiefice ic lated six lOtai issues. 

• Middle luPi.u- iiii^h sJuk)1 leveh a miiiitnuni ul 1 peKeiu .>t science insiructh)n 
should he directed toward sC ieiice- related .societal issues. ....... 

•.Senior scliool level: a nuninunu of JO perceiU ot science i'-..,truct[on sluKild 

he direi teil n>\vard science-related, societal issues 
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